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(54) METHOD OF PHOTOCATALYTICALLY MAKING THE SURFACE OF BASE MATERIAL 
ULTRAHYDROPHILIC, BASE MATERIAL HAVING ULTRAHYDROPHIUC AND 
PHCXTDCATALVTIC SURFACE, AND PROCESS FOR PRODUCING SAID MATERIAL 



(57) A method of making the surface of a base 
material ultrahydrophllic which comprises the step of 
coating the surface with a layer containing photocata- 
lytic semiconductor material such as titania and the step 
of photoexciting the photocatalytic material to adjust the 
angle oi contact of the surface of the above layer with 
water to about 10" or less. When this method is applied 
to the surface of a t>ase material such as min'or, lens or 
wrindowpane, the growth of waterdrops is prevented and 
the base material becomes highly antifogging. The arti- 
cles treated by this method do not undergo any deposi- 
tion of contaminants on the surfaces thereof and are 
readily cleaned by rainfall or washing wnth water. 
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Description 

Technical Field 

The present invention relates broadly to the art of rendering and maintaining a surface of a substrate highly 
hydrophilit More particularly, the present invention relates to the antifogging art wherein the surface of a transparent 
substrate such as a mirror, lens and sheet glass is made highly hydrophiiic to thereby prevent fogging of the substrate 
or formation of water droplets. This invention is also concerned with the art wherein the surface of a building, window- 
pane, machinery or article is rendered highly hydrophiiic in order to prevent fouling of. to pemiit self-cleaning of or to 
feicilitate cleaning of ttie surface. 

Background Aft 

It is often experienced that, in the cold seasons, windshields and window-glasses of automobiles and other vehi- 
cles, windowpanes of buildings, lenses of eyeglasses, and cover glasses of various instruments are fogged by moisture 
condensate. Similarly, in a bathroom or lavatory, it is often encountered that mirrors and eyeglass lenses are fogged by 
steam. 

Fogging of the surface of an article results from the fact that when the surface is held at a temperature lower than 
the dew point of the ambient atmosphere, condensation of moisture being present in the ambient air takes pface to form 
moisture corxlensate at the surface. 

If the condensate particles are sufficiently fine and small so that the diameter thereof Is on the order of one half of 
the wavelength of the visible light the particles cause scattering of light whereby window-glasses and mirrors become 
apparently opaque thereby giving rise to a loss of visibility. 

When condensation of moisture further proceeds so that fine condensate partides are merged together to grow' 
into discrete larger droplets, the refraction of light taking place at the inteface between the droplrts and the surface and 
between the droplets and the ambient air causes the surface to be Wuned, dimmed, mottled, or clouded. As a result, a 
look-through image through a transparent article such as sheet glass is distorted and a reflective image of a minor dis- 
turbed. 

Similarly, when windshields and window-glasses of vehicles, windowpanes of buildings, rearview mirrors of vehi- 
cles, lenses of eyeglasses, or shields of masks or helmets are subjected to rain or water splash so that discrete water- 
droplets are adhered to the suriiace. their surface is bluned. dimmed, mottled, or clouded to result in the loss of visibility. 

The term "antifogging" as used herein and in the appended claims is intended to mean broadly the art of preventing 
occurrence of optical trouble resulting from fogging, growth of condensate droplets or adherent water droplets men- 
tioned above. 

Obviously, the antifogging art deeply affects the safety as well as the eff idency of various worie. For example, the 
safety of vehicles and traffic will be undermined if the wind^ields, window-glasses or rearoiew mirrors of vehicles are 
fogged or bluned. Fogging of endoscopic lenses and dental mouth mirrors may hinder proper and accurate diagnosis, 
operation and treatment. If cover gfasses of measuring instruments are fogged, a reading of dafa will become difficult. 

The windshields of automobiles and other vehicles are normally provided with windshield wipers, defrosting 
devices and heaters so as to pennit views in the cold seasons and under rainy condif ons. However, it is not commer- 
cially feasible to install this equipment to the side windows and the rearview minors arranged outside of the vehicle. 
Simifariy, it is difficult, if possible at all, to mount this antifogging equipment to windowpanes of buildings, lenses of eye- 
glasses and endoscopes, dental mouth minors, shields of masks and helmets, or cover glasses of measuring instru- 
ments. 

As is well-known, a simple and convenient antifogging method conventionally used in the art is to apply onto a sur- 
face an antifogging composition containing either a hydrophiiic compound such as polyethylene glycol or a hydrophobic 
or water-repellent compound such as silicone. How»«r. the disadvantage of this method is that the antifogging coafing 
thus formed is only tenporary in nature and is readily removed when rubbed or washed with water so that its effective- 
ness is prematurely lost 

Japanese Utility Model Kokai Publication No. 3-129357 (Mitsubishi Rayon) discloses an antifogging method tor a 
mirror wherein the surface of a substrate is provided with a polymer layer and the l^er is subjected to irradiation by 
ultraviolet light followed by treatment with an aqueous alkaline solution to thereby fomi acid radicals at a high density 
whereby the surface of the polymer layer is rendered hydrophiiic. Again, it is however believed that according to this 
method, the hydrophiiic property of the surface is degraded as time efapses because of adherent confaminants so that 
the antifogging function is lost sooner or later. 

Japanese Utility Model Kokai Publication No. 5-68006 (Stanley Electric) discloses an antifogging film made of a 
graftcopolymer of an acrylic monomer having hydrophiiic groups and a monomer having hydrophdsic groups. The 
grafteopolymer is described as having a contact angle with water of about 50». ft is therefore believed that this antifbg- 
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ging film does not exhibit a sufficient antifogging capability. 

Isao Kaetsu "Antifogging Coating Techniques lor Glass". Modem Ckating Techniques, pages 237-249. published 
by Sogo Gjutsu Center (1986). desaibes various antHbgging techniques used in the prior art. The author Mr. Kaetsu 
nevertheless reports that the prior art antifogging techniques, which consist of rendering a surface hydrophilic. suffer 
from significant problems which must be overcome in reducing them to practice and that the convenfional antifogging 
coating techniques seemingly come up against a barrier 

Accordingly, an object of the invention is to provide an antifogging method which is capable of realizing a high 
degree of visibility of a transparent substrate such as a mirror, lens and glass. 

Another object of the invention is to provide an antifogging method wherein the surface of a transparent substrate 
such as a mirror, lens and glass is maintained Wghly hydrophilic for a long period of time. 

A still another object of the invention is to provide an antifogging method wheran the surface of a transparent sub- 
strate such as a min-or. lens and glass is almost permanently rraintained highly hydrophilic. 

A further object of the invention is to provide an antifogging coating which has an improved durability and abrasion 
r 6si sts nc6 

Another object of the invention Is to provide an antifogging coating which can readily be applied onto a surface 
requiring antifogging treatment 

Yet another object of the invention is to provide an antifogging transparent substrate such as a mirror, lens and 
glass, as well as a method of maldng thereof, wherein the surface thereof is nraintained highly hydrophilic for a long 
period of time to thereby provide a high degree of antifogging property for a long period. 

In the fields of architecture and painting, on the other hand, it has been pointed out that growing environmental pol- 
lution tends to inadvertently accelerate fouling, contamination or soiling of exterior building materials, outdoor buildings 
and the coatings thereof. 

In this regard, air-borne grimes and dust particles are allowed under fair weather conditions to fall and deposit on 
roofs and outer walls of buildings. When it rains, the deposits are washed away by rainwater and are caused to flow 
along the outer walls of the buildings. Furthermore, the air-borne grimes are captured by rain and are carried thereby 
to flow down along the surface of the building's outer walls and outdoor structures and buildings. f=br these reasons, 
contaminant substances are caused to adhere onto the surface along the paths of rainwater. As the surface is cWed. a 
striped pattern of dirt, stain or smudge will appear on the surface. 

The dirt or stein thus formed on the exterior building materials and the coating thereof consists of contaminant sub- 
sfances which include oorrtxistion products such as carbon black, city grimes, and inorganic substances such as day 
particles. The diversity of the fouling substances is considered to malte the antifbuling countermeasures complicated 
(Yoshinori KITSUTAKA "Accelerated Test Method For SoiKng on Finishing Materials of External Walls", Bulletin of 
Japan Architecture Society, vol. 404 (Oct 1989). pages 15-24). 

Hitherto, it has been commonly considered in the art that water-repellent paints such as those confaining poly- 
tetraf luoroelhylene (PTFE) are desirable to prevent fouling or soiling of exterior building materials and the like. Recently, 
however, it is pointed out that, in order to cope with city grimes containing a large amount of oleophilic components, it 
is rather desirable to render the surface of coatings as hydrophilic as possible ("Highpolymer". vol. 44, May 1995, page 
307). 

Accordingly, it has been proposed in the art to coat a building with a hydrophilic graftcopdymer (Newspaper "Daily 
Chemical industry", Jan. 30. 1995). Reportedly, the coating film presents a hydrophilidty of 30-40' in temis of the con- 
tact angle with water. 

However in view of the fact that inorganic dusts, which may typically be represented by clay minerals, have a con- 
tact angle with water ranging from 20' to 50* so that they have affinity for graftcopolymer having a contact angle with 
water of 30-40*. it is considered that such inorganic dusts are apt to adhere to the surface of the graftcopolymer coating 
and, hence, the coating is not able to prevent fouling or contamination by inorganic dusts. 

Also available in the market are various hydrophilic paints which comprise acrylic resin, acryl-silicone resin, aque- 
ous silicone, block copolymers of silicone resin and acrylic resin, acryl-styrene resin, ethylene oxides of sorbitan fatty 
add. esters of sorbitan fatty acid, acetates of urethane, cross-linked urethane of polycarbonatediol and/or polyisocy- 
anate, or cross-linked polymers of alkylester polyacrylate. However, since the contact angle with water of these 
hydrophilic paints is as large as 50-70", they are not suitable to effectively prevent fouling by dty grimes which contain 
large amount of oleophilic components. 

Accordingly, a further object of the invention is to provide a method for rendering a surface of a substrate highly 

hydrophilic. . ^ , u- 

Another ot)ject of the invention is to provide a method wherein the surface of buildings, window glasses, machinery 
or articles is rendered highly hydrophilic to thereby prevent fouling of or to permit self-deaning of or to fadlitate cleaning 
of the surface. 

Yet another object of the invention is to provide a highly hydrophilic antifouling substrate, as well as a method of 
making thereof, which is adapted to prevent foUing of or to pernrat self-cleaning of or to facilitate deaning of the surface. 
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In certain apparatus, formation of moisture condensate on a surface thereof often hampers operation of the appa- 
ratus when condensate has grown into droplets. In heat exchangers, for example, the heat exchanging efficiency would 
be lowered if condensate particles adhering to radiator fins have grown into large droplets. 

Accordingly, another object of the invention is to provide a method for preventing adhwent moisture condensate 
from growing Into larger water droplets wherein a surface Is made highly hydiophilic to thereby permit adherent mois- 
ture condensate to spread into a water film. 

Disdosura of the InvenBon 

The present inventors have discovered for the first time in the world that, upon photoexcitatlon. a surface of a pho- 
tocatalyst is rendered highly hydrophilic. Surprisingly, it has been discovered that, upon photoexcitation of photocata- 
lytic titania with ultraviolet light, the surface thereof is rendered highly hydrophilic to the degree that the contact ffiigle 
with wrater becomes less than 10°, more particularly less than 5°, and even reached about 0". 

Based on the foregoing new discovery, the present invention provides, broadly, a method for rendering a surface of 
a substrate highly hydrophilic. a substrate having a highly hydrophilic surface and a method of making thereof. Accord- 
ing to the invention, the surface of the sii}strate is coated with an abrasion-resistant photocatelytic coating conprised 
of a photocatelytic semiconductar material. 

Upon irradfation fbr a sufficient fme with a sufficient intensity of a light having a wavelength which has an eneigy 
higher than the bandgap energy of the photocatalytic semiconductor, the surface of the photocatelytic coating is ren- 
dered highly hydrophilic to exhibit a super-hydrophilicity. The term "super-hydrophilldty" or "super-hydrophilic" as used 
herein refers to a highly hydrophilic property (i.e., water wettability) of less than about 10». preferably less than about 
5». in terms of the contact angle with water. Similarly, the term "supethydrophilification" or "^ifljerhydrophilify" refers to 
rendering a surface highly hydrophilic to the degree that the contact angle with water becomes less than about 10*. 
nwre preferably less than about 5'. " 

The process of superhydrophilBication of a surface resulting from photoexcitation of a photocatalyst cannot be 
expfained presently with any certainty. Seemingly, photocatelytic superhydrophiW ication is not necessarily identical with 
photodecomposition of a substance arising from photocatalytic redox process known hitherto in the field of photocata- 
lyst. In this regard, the conventional theory admitted in the art regarding the photocatalytic redox process was that elec- 
tron-hole pairs are generated upon photoexcitation of the photocatalyst the electrons thus generated acting to reduce 
the surface oxygen to produce superoxide ions (O2). the holes acting to oxidize the surface hydroxy! groups to produce 
hydroxyl radicals (-OH), these highly active oxygen species (02" and -OH) then acting to decompose a substance 
through redox process. 

However, it seems that the superhydrophilif ication phenomenon provoked by a photocatalyst is not consistent, in at 
least two aspects, with the conventional understanding and observation regarding ttie photocatalytic decomposition 
process of substances. First according to a theory widely accepted hitherto, it has been believed that, in a certain pho- 
tocatalyst such as rutile and tin oxide, the energy level of the conduction band is not high enough to promote the reduc- 
tion process so that the electrons photoexcited up to the conduction band remain unused and become excessive 
wherdjy ttie electron-hole pairs once generated by photoexcitation undergo recombination wifliout contributing in ttie 
redox process. In contrast ttie present inventors have observed that the superhydrophilif ication process by a photocat- 
alyst takes place even witti rutile and tin oxide, as described later 

Secondly, ttie conventional wisdom was ttiat ttie decomposition of substances due to photocatalytic redox process 
is not developed unless ttie ttiickness of a photocatelytic layer is greater ttian at least 100 nm. Conversely, ttie present 
inventors have found that photocatelytic supeihydrophilification occurs even witti a photocatalytic coating having a 
thickness on the order of several nanometers. 

Accordingly, it is considered, ttiough not predicaWe witti any cterity. ttiat ttie supeihydrophilification process caused 
by a photocatalyst is a phenomenon somewhat different from frfiotodecomposition of substances resulting from ttie 
photocatalytic redox process. However, as described later, rt has been observed ttiat superhydrophilification of a sur- 
face does not occur unless a light having an energy higher ttian ttie band gap energy of ttie photocatalyst is in-adiated. 
It is considered that, presumably, ttie surface of a photocatelytic coating is rendered superhydrophilic as a result of 
water being chemisorbed ttiereon in the form of hydroxyl groups (OH*) under ttie photocatelytic action of ttie photocat- 
alyst. 

Once ttie surface of ttie photocatelytic coating has been made highly hydrophilic upon photoexitation of ttie photo- 
catalyst the hydrcphilicity of ttie surface will be sustained for a certain period of time even if ttie substrate is placed In 
the dark. As time elapses, the superhydrophillcity of ttie surface will be gradually lost because of contaminante 
adsorbed on ttie surface hydroxyl groups. However, ttie superhydrophilicity wiB be restored when the surface Is again 
subjected to photoexcitation. 

To initially superhydrophilify ttie photocatelytic coating, any suitable source of light may be used which has a wave- 
lengtti of an energy higher ttian tiie band gap energy of ttie photo-catalyst In ttie case of ttiose photocatalysts such as 
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titania in which the photoexciting wavelength pertains to the ultraviolet range of the spectrum, the ultraviolet light con- 
tained in the sunlight may advantageously be used in such a situation where the sunlight impinges ipon the substrate 
coated by the photocatalytic coating. When the photocatalyst is to be photoexcited indoors or at night, an artificial light 
source may be used. In the case where the photocatalytic coating is made of silica blended titania as described later. 
5 the surface thereof can readily be rendered f^ropWIic even by a weak ultraviolet radiation contained in the fight emitted 
from a fluorescent lamp. 

After the surface of the photocatalytic coaling has once been superhydrophilified. the superhydrophilicity may be 
maintained or renewed by a relatively weal< light. In the case of titania. for example, maintenance and restoration of the 
superhydrophilicity may be accomplished to a satisfactory degree even by a weak ultraviolet light contained in the light 
to of indoor illumination lamps such as fluorescent lamps. 

The photocatalytic coating exhibits the superhydrophilicity wen if the thickness thereof is made extremely small. It 
presents a sufficient hardness when made in particular from a photocatalytic semteonductor material comprising a 
metal oxide. Therefore, the photocatalytic coating presents an adequate durability and abrasion resistivity. 

Superhydrophillfication of a surface may be utilized for various applications. In one aspect of the invention, this 
IS invention provides an antifogging method for a transparent member, an antifogging transparent mentoer and a method 
of making thereof. According to the invention, a transparent member coated with a photocatalytic coating is prepared, 
or othenwise, the surface of a transparent member is coated with a photocatalytic coating. 

The transparent member may include a mirror such as a rean/iew mirror for a vehicle, bathroom or lavatory mirror, 
dental mouth mirror, and road ntirror; a lens such as an eyeglass lens, optical lens, photographic lens, endoscopic lens. 
so and light projecting lens; a prism; a windowpane tor a building or control tower; a windowpane for a vehicle such as an 
automobile, railway vehicle, aircraft, watercraft. submarine, snowmobile, ropeway gondola, pleasure garden gondola 
and spacecraft; a windshieW for a vehicle such as an automobile, railway vehicle, aircraft, watercraft. submarine, snow- 
mobile, motorcycle, ropeway gondola, pleasure garden gondola and spacecraft; a shieW for protective or sporting gog- 
gles or mask including diving mask; a shiekJ for a helmet; a show window, glass for chilled foods; and a cover glass for 

29 a measuring instrument. 

Upon subjecting the transparent member provided with the photocatalytic coating to irradiation by a light to thereby 
photoexdte the photocatalyst. the surface of the photocatalytic coating will be supertiydrophiWied. Thereafter, in the 
event that moisture in the air or steam undergoes condensation, the condensate will be transformed into a uniform film 
of water wnttiout forming disaete water droplets. As a result, the surface will be free from the formation of a light diffus- 

30 ingfog. 

Similariy. in the event that a windowpane. a rearview mirror of a vehicle, a windshield of a vehicle, eyeglass lenses, 
or a helmet shield is subjected to a rainfall or a splash of water, the waterdroplets adhering onto the surface will be 
quickly spread over into a uniform water film thereby preventing formation of disaete waterdroplets which-would other- 
wise hinder eyesight. 

35 Accordingly, a high degree of view and visibility is secured so that the safety of vehicle and traffic is secured and 
the efficiency of various work and activities improved. 

In another aspect, this invention provides a method for self-cleaning a surface of a substrate wherein the surface is 
supertiydrophiWied and is self-cleaned by ramfaO. TWs invention also provides a self-cleaning substrate and a method 
of making thereof. 

40 The substrate may include an exterior member, window sash, structural member, or windowpane of a building; an 
exterior member or coating of a vehtele such as automobile, railway vehicle, aircraft, and watercraft; an exterior mem- 
ber, dust cover or coating of a machine, apparatus or article; and an exterior member or coating of a traffic sign, vanous 
display devices, and advertisemert towers, that are made, for example, of metal, ceramfcs, glass, plastics, wood, stone, 
cement, concrete, a combination thereof, a faminate tfiereof, or other materials. The surface of the substiBte is coated 

45 with the photocatalytic coating. 

Since the building, or machine or article disposed outdoors, is exposed to the sunlight during the daytime, the sur- 
face of the photocatalytic coating will be rendered highly hydrophilic. Furthermore, the surface will occasionally be sub- 
jected to rainfall. Each time the superhydrophUified surface receives a rainfall, dusts and grime and contemmants 
deposited on the suiface^jf the substrate will be washed away by rain whereby the surface is self-cleaned. 

so As the surface of the photocatalytic coating is rendered highly hydrophilic to the degree that the contact angle with 
water becomes less than about 1 0°. preferably less than about 5'. particulariy equal to about 0«. not only the city grime 
containing farge amounts of oleophilic constituents but also inorganic dusts such as clay minerals will be readily washed 
away from the surface. In ttiis manner, the surface of the substrate will be self-cleaned and kept clean to a high degree 
under the action of nature. This will permit, for instance, to eliminate or largely reduce cleaning of windowpanes of tow- 

55 ering buildings. 

In still another aspect, this invention provides an antifbuling method for a building, window glass, machine, appara- 
tus, or article wherein the suribce thereof is provided witti a photocatalytic coating and is rendered highly hydrophilic to 
prevent fouling. 



5 
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The surface thus superhydrophilified will preclude contaminants from adhering to the surbce as rainvrater laden 
with contaminants such as air-borne dusts and grime flows down along the surface. Therefore, in combination wnth the 
above-mentioned self-cleaning function performed by rainfall, the surface of the building and the like will be maintained 
almoet for ever in a high degree of cleanliness. 

In a further aspect of the Invention, a photocatalytic coating is provided on a surface of an apparatus or article, such 
as exterior or interior member of a building, windowpane, household, toilet bowl, bath tub, wash basin, lighting fixture, 
Wtchenware, tableware, sink, cooking range. Wtdien hood, and ventilation fan, which is made from metal, cerarrtics, 
glass, plastics, wood, stone, cement, concrete, a combination thereof, a laminate thereof, or other materials, and the 
surtece is photoexctted as required. 

When these articles which are fouled by oil or fat are soaked in, wetted with or rinsed by water, fatty dirt and con- 
taminants win be released from the superhydrophilified surface of the photocatalytic coating and will be readily removed 
therefrom. Accordingly, for example, a tableware fouled by oil or fat may be cleansed without resort to a detergent. 

In another aspect this invention provides a method for preventing growth of condensate droplets adhering to a sub- 
strate or for causing adherent water droplets to spread over into a unifomi water film. To this end. the surface of the sub- 
strate is coated with a photocatalytic coating. 

Once the surface of the substrate has been superhydrophilified upon photoexcitatnn of the photocatalytic coating, 
moisture condensate or waterdroplets that have come to adhere to the surface will be spread over the surface to form 
a uniform fBm of water. By applying this method, for example, to radiator fms of a heat exchanger, it is possible to pre- 
vent fluid passages for a heat exchange medium from being dogged by condensate whereby the heat exchange effi- 
ciency is enhanced. When othenwise this method is applied to a mirror, lens, windowpane, windshield, or pavement it 
is possikHe to promote drying of the surface after wetting with water. 

These features and advantages of the invention as well as other features and advantages thereof will become 
apparent from the fbUowing descripfion. 

Brief Description of the Drawings 

FIG, 1 shows the energy level of the valance band and the conduction band of various semiconductor photocata- 
lysts usable in the present invention; 

FIGS. 2A and 2B are schematic aoss-sectional views in a miaoscoptcally enlarged scale of the photocatalytic 
coating formed on the surface of a substrate and showing the hydroxyl groups being chemisorbed on the surface 
upon photoexcitation of the photocatalyst; 

FIGS. 3-5, 7 and 9 are graphs respectivefy showing the variation, in response to time, of the contact angle with 
water of various specimens in the Examples as the specimens are subjected to Irradiation of ultraviolet light; 
FIG. 6 shows Raman spectra of a surface of photocatalytic coating made of silicone; 
FIGS. 8 and 1 6 are graphs showing the result of pencil hardness tests; 

FIG. 10 is a graph showing the relationship between the thickness of the photocatalytic coating and the capability 
of the coating to decompose methyl mercaptan; 

FIGS. 11 A and 11 B are front and side elevational views, respectively, of outdoor aoceletated fouling testing equp- 
ment; 

FIGS. 12-15 are graphs showing the confact angle with water versus the molar ratio of silica in silica-blended tlta- 
nia; 

FIG. 1 7 is a graph showing to what degree various surfaces having different hydrophilicity are fouled by city grime 
and sludge; and, 

FIGS. 1 8 are graphs showing the variation, in response to time, of the contact angle wnth water when ultraviolet light 
having different wavelengths is irradiated on the surface of the photocatalytic coating. 

Best Mode tor Canrvina Out the Im/flntinn 

A substrate having a surface requiring superhydrophilification is prepared and is coated wth a photocatelytic coat- 
ing. In the case where the substrate is made from a heat resistive material such as metal, cerantics and glass, the pho- 
tocatalytic coating may be fixed on the surface of the substrate by sintering particles of a photocatalyst as described 
later. Alternatively, a thin film of the amorphous fomi of a precursor of the photocatalyst may be first fbrmed on the sur- 
face of the substrate and the amorphous photocatalyst precursor may then be transformed into photoactive photocata- 
lyst by heating and aysUdlization. 

In the case where the substrate is formed of a non heat-resistive material such as plastic or Is coated with a paint, 
the photocatalytic coating may be formed by applying onto the surface a photooxidation-resistant coating composition 
confalning the photocatalyst and by curing the coating composition, as descrbed later. 

When an antifbgging mirror is to be manufactured, a reflective coating m^ be first formed on the substrate and the 
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photocatalytic coating may then be formed on the front surface of the mirror. Alternatively, the r^lective coating may be 
formed on the substrate prior ta subsequent to or during the course of the step of coating of the photocatalysL 

Photocatalvst 

5 

The most preferred example of the photocatalyst usable in the photocatalytic coating according to the invention is 
titania (TiOa). Titania is harmless, chemically stable and available at a low cost. Furthermore, titania has a high band 
gap energy and. hence, requires ultraviolet (UV) light for photoexcitation. This means that absorption of the visble light 
does not occur during the course of photoexcitation so that the coating is free from the problem of coloring which would 
10 otherwise occur due to a complementary color component Accordingly, titania is particularly suitable to coat on a trans- 
parent member such as glass, lens and mirror. 

As titania, both anatase and rutile may be used. The advantage of the anatase form of titania is that a sol in which 
extremely fine particles of anatase are dispersed is readily available on the market so that it is easy to make an 
extremely thin film. On the other hand, the advantage of the rutile form of titania is that it can be sintered at a high tem- 
15 perature so that a coating excellent in strength and abrasfon resistivity can be obtained. Although the rutile fonn of tita- 
nia Is lower in the conduction band level than the anatase fbirm as shown in FIG. 1 , it may bB used as well for the 
purpose of photocatalytic superhydrophilif ication. 

It is believed that, when a substrate 1 0 is coated with a photocatalytic coating 1 2 of titania and tpon photoexcitation 
of titania by UV light, water is chemisorbed on the surface in the form of hydroxyl groups (OH") under the photocatalytic 
20 action as shown in FIG. 2A and. as a result, the surface becomes superhydrophilic. 

Other photocatalysts which can be used in the photocafalytic coating according to the invention may include a 
metal oxide such as ZnO. SnOa. SrTiOa. WO3. BijOa. and Fe203, as shown in FIG. 1. It is believed that similar to tita- 
nia, these metal oxides are apt to adsorb the surface hydroxyl groups (OH ) because the metallic element and oxygen 
are present at the surface- 
as As shown in FIG. 2B. the photocatalytic coating may be formed by blending particles 14 of photocatalyst in a layer 
16 of metal oxide. In particular, the surface can be hydrophilified to a high degree when silica or tin oxide is blended in 
the photocatalyst as described fater. 

Thickness of Photocatalytic Coating 

30 

In the case that the substrate is made of a transparent material as in the case of glass, a lens and a ninor. it is 
preferable that the thickness of the photocatalytic coating is not greater than 0.2 jim. With such a thickness, coloring of 
the photocatalytic coating cfoe to ttie interference of light can be avoided. Moreover, the thinner the photocatalytic coat- 
ing is. the more transparent the substrate can be. In addition, the abrasion resistance of the photocatalytic coating is 
35 increased with deaeasing thickness. 

The surface of the photocatalytic coating be covered further by an abrasion-resistant or comosion-resistant 
protective layer or other functional film which is su8ceptik)le to hydrophilification. 

Formation of Photocatalvtic Laver bv Calcination of Amorpho us Titenia 

40 

In the case that the subsb-ate is made of a heat resistive material such as metal, ceramics and glass, one of the 
preferred methods for forming an abrasion resistant photocatalytic coating which exhibits ttie superhydrophOicity of 
such a degree that the contact angle with water becomes as small as 0° is to first form a coating of the amorphous form 
of titenia on the surface of tiie siAstrate and to then calcine the substrate to thereby transfbrnti by phase fransition amor- 
45 phous titenia into crystalline titania (i.e., anatase or rutile). Formation of amorphous titania may be canied out by one 
of the following methods. 

(1) Hydrolysis and Dehydration Pdymerization of Organic Titanium Compound 

50 Alkoxide of titanium, such as tetraethoxytitenium. tetraisopropoxytitanium. tetra-n-propoxytitanium, tetrabuthoxyti- 
tanium, and tetramethoxytitenium, is used to which is added a hydrolysis inhibitor such as hydrochloric acid and ettiyl- 
amine, the mixture being diluted by alcohol such as ethanol and propanol. While subjected to partial or complete 
hydrolysis, ttie mixture is applied on the surface of the substrate by spray coating, flow coating, spin coating, dip coat- 
ing, roll coating or any other suitable coating method, followed by drying at a temperature ranging from the ambient tem- 

55 perature to 200''C. Upon drying, hydrolysis of titanium alkoxide will be completed to result in the formation of titanium 
hydroxide which then undergoes dehydration polymerization whereby a layer of amorphous titsmia is fomied on the sur- 
face of the substrate. 

In lieu of titanium alkoxide. oVner organic compounds of titanium such as chefate of titanium and acetate of titanium 
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may be employed. 

(2) Formation of Amorphous Titania from Inorganic Titanium Compound 

Acidic aqueous solution of inorganic compound of titanium such as TiQ^ and Ti(S04)2 <s applied on the surface of 
the substrate by spray coating, flow coating, spin coating, dip coating, or roll coating. The sutistrate is then dried at a 
temperature of 100-200 "C to subject the inorganic compound of titanium to hydrolysis and dehydration polymerization 
to form a layer of amorphous titania on the surface of the substrate. Alternatively, amorphous tilania may be formed on 
the surface of the sub^te by chemical vapor deposition of 11014. 

(3) Fbrmab'on of Amorphous Titania by Sputtering 

Amorphous titania may be deposited on the surface of the substrate by electron beam bombardment of a target of 
metallic titanium in an oxidizing atmosphere. 

(4) Calcination Temperature 

Calcination of amorphous titania may be carried out at a temperature at least higher than the crystallization tem- 
perature of anatase. Upon calcination at a temperature of 400-500 °C or more, amorphous titania may be transformed 
into the anatase form of titania. Upon calcination at a temperature of 600-700 °C or more, amorphous titania may be 
transformed into the rutile fbnn of titania. 

(5) F=brmation of Diffusion Prevention Layer ^ 

In the case that the siAstrate is made of glass or glazed tile which contains alkaline network-modifier ions such as 
sodium, it is preferable that an intermediate layer of silica and the like is formed between the substrate and the layer of 
amorphous titania prior to calcination. This arangement prevents alkaline network-modifier ions from being diffused 
from the substrate into the photocatalytic coating during calcination of amorphous titania As a result, superhydrophifi- 
fication is accomplished to the degree that the contact angle with water becomes as small as 0". 

Photocatalytic Laver of Silica-Bended Titani^ 

Another preferred method of forming an abrasion resistant photocatalytic coating which exhibits the superhy- 
drophilicity of such a degree that the contact angle with water is equal to 0° is to form on the surface of ttie substrate a 
photocatalytic coating comprised of a mixture of titania and silica. The rate of silica to the sum of titania and silica may 
be 5-90 % by mol. preferably 10-70 % by mol, more preferably 10-50 % by mol. Formation of photocatalytic coating 
comprised of silica-blended titania may be carried out by one of the following methods. 

(1) A suspensfon containing particles of the anatase form or rutile form of titania and particles of silica is applied on 
the surface of the substrate, followed tiy sintering at a temperature less than the softening point of the substrate. 

(2) A mixture of a precursor of amorphous silica (e.g., tetraalkoxysilane such as tetraethoxysilane, tetraisopropox- 
ysilane, tetra-n-propoxysilane, tetrabuthoxysilane, and tetramethoxysilane; siland formed by hydrolysis of 
tetraalkoxysilane; or polysiloxane having a mean molecular weight of less than 3000) and a crystalline titania sol is 
applied on the surface of the sut)strate and is sutsjected to hydrolysis where desired to form silanol, followed by 
heating at a temperature higher than about 1 0O'C to subiecX silanol to dehydration polymerization to thereby form 
a photocatalytic coating wherein titania particles are bound by amorphous silica. In this regard, if dehydration 
polymerization of silanol is carried out at a temperature higher than about 200'>C, polymerization of silanol is 
accomplished to a high degree so that the alkali resistance of the photocatalytic coating is enhanced. 

(3) A suspension wherein particles of silica are dtepersed in a solution of a precursor of amorphous titania (e.g., 
organic compound of titanium such as alkoxide, chelate or acetate of titanium; or inorganic compound of titanium 
such as TiCU and 11(804)2) 'S applied on the surface of the subsb'ate and then the compound of titenium is sub- 
jected to hydrolysis and dehydration polymerization at a temperature ranging from the ambient temperature to 
200"C to thereby form a thin film of amorphous titartia wherein particles of silica are dispersed. Then, the thin fSm 
is heated at a temperature higher than the crysfallization temperature of tifania but lower than the softening point 
of the substrate to thereby ti'ansform amorphous titania into crysfalline tifania by phase transition. 

(4) Added to a solution of a precursor of amorphous titania (organic compound of tifanlum such as alkoxide, chelate 
or acefate of titanium; or inorganic compound of tifanium such as TiCU and Tt(S04)2) 's a precursor of amorphoi» 
silica (e.g., tetraalkoxysifane such as tetraethoxysilane, teb-aisoprcpoxysilane, tetra-n-propoxysilane, tetrabuthox- 
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ysilane, and tetramethoxysilane; hydrolyzate thereof, i.e., silanoi; or pdysiloxane having a mean molecular weight 
of less than 3000) and the mixture is applied on the surface of the substrate. Then, these precursors are subjected 
to hydrolysis and d^iydration polymerization to form a thin film made of a mixture of amorphous titania and amor- 
phous silica. Thereafter, the thin film is heated at a temperature higher than the crystallization temperature of titania 
but lower than the softening point of the substrate to ttiereby transform amorphous titania into aystalline titania by 
phase transition. 

Photocatalvtic t-aver of Tin Oxide-Blended Titania 

Still another preferred method of forming an abrasion resistant photocatalytic coating which exhibits the superhy- 
drophilicity of such a degree that the contact angle with water is equal to 0* is to form on the surfeice of the sut>strate a 
photocatalytic coating comprised of a mixture of titania and tin oxide. The rate of tin oxide to the sum of titania and tin 
oxide may be 1-95 % by weight, preferably 1-50 % by weight Formation of a photocatalytic coating comprised of tin 
oxide-Uended titania may be can-ied out by one of the following methods. 

(1) A suspension containing particles of the anatase form or rutile form of titania and particles of tin oxide is applied 
on the surface of the substrate, followed by sintering at a ten^perature less than the softening point of the substrate. 

(2) A suspension wherein particles of tin oxide are dispersed in a solution of a precursor of amorphous titania (e.g.. 
organic conrpound of titanium such as alkoxide, chelate or acetate of titanium; or inorganic compound of titanium 
such as TICI4 and Ti(S04)2) 'S applied on the surface of the substrate and then the compound of titanium Is sub- 
jected to hydrolysis and dehydration polymerization at a temperature ranging from the ambient temperature to 
200<'C to thereby form a thin film of amorphous titania wherein particles of tin oxide are (Aspersed. Then, the thin 
film is heated at a temperature higher than the crystallization temperature of titania but lower tfian the softeriing 
point of the substrate to thereby transform amorphous titania into aystalline titania by phase transition. 

Silicone Paint Containinp Photocatalvst 

A further preferred method of fomiing a photocatalytic coating which exhibits the superhydrophilicity of such a 
degree that the contact angle with water is equal to 0° is to use a coating composition wherein particles of a photocat- 
alyst are dispersed in a film forming element of uncured or partially cured silicone (organopolysiloxane) or a precursor 
thereof. 

The coating composition is applied on the surface of the substrate and the f Dm forming element is then subjected 
to curing. Upon photoexcitation of the photocatalyst, the organic groups bonded to the silicon atoms of the silicone mol- 
ecules are substituted with hydroxy! groups under the photocatalytic action of the photocatalyst, as described later with 
reference to Examples 13 and 14. whereby the surface of the photocatalytic coating is superhydrophllifled. 

This method provides several advantages. Since the photocatalyst-containing silicone paint can be cured at ambi- 
ent temperature or at a relatively low temperature, this method may be applied Id a substrate formed of a non-heat- 
resistant material such as plastics. The coating composition contaning the photocatalyst may be applied whenever 
desired by way of brush painting, spray coating, roll coating and the like on any existing substrate requiring superhy- 
drophllif ication of the surface. Si43erhydrophilification by photoexcitation of the photocatalyst may be readily canied out 
even by the sunlight as a light source. 

Furthemiore, in the event that the coating film is formed on a plastically deformat)le substrate such as a steel sheet, 
it is possible to readily sitqect the steel sheet to plastic working as desired after curing of the coating film and prior to 
photoexcitation. Prior to photoexcitation. the organic groups are bonded to the silicon atoms of the silicone molecules 
so that the coating film has an adequate flexibility. Accordingly, the steel sheet may be readily deformed without dam- 
aging the coating film. After plastic defbnnation. the photocatalyst may be subjected to photoocdtation whereupon the 
organic groups bonded to the silicon atoms of the silicone molecules will be substituted with hydrmyl groups under the 
action of photocatalyst to thereby render the surface of the coating film superhydrophllic. 

The photocatalyst-containing silicone paint has a sufficient resistance against photootidation action of the photo- 
catalyst since it is composed of the siloxane bond. 

Another advantage of the photocatalytic coating made of photocatalyst-containing silicone paint is that, once the 
surface has been rendered superhydrophilic, the superhydrophilicity is maintained for a k>ng period of time even if the 
coating is kept in the dark and that the superhydrophilicity can be restored even by the light of an indoor illumination 
lamp such as fluorescent lamp. 

Examples of the film forming element usable in the invention include methyltrlchlorosllane.methyltrlbromosilane, 
methyltrimethoxysilane,methyltriethoxysilane, methyltrllsopropoxysllane,methyltri-t-bothoxysllane; ethyttrlchlorosi- 
lane.ethyltribromosilane. ethyltrimelhoxysilane.ethyltriethoxysilane. ethyltriisopropoxysilane.ethyltri-t-buthoxysilane; n- 
propyltrichlorosilane.n-propyttribromosilane. n-propyltrimethoxysilane,n-propy>triethaxysilane, n-propyltriisopropoxysi- 
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tane.n-propyttri-t-buthoxysilane; n-hexyttrichlorosilane.n-hexyltribromosilane, n-hexyitrimethoxysitane.n-hexyttriethax- 
ysilane, n-hexyltriisopropoxysilane,n-hexyftri-t-buthQxysilane; n-decyltrichlorosilane.n-decyltribroniosilane, n- 
decyltrimethoxysilane,n-decyttriethQxysilane, n-decyitriisopropoxysilane,n-decyitri-t-buthoxysilane; n-octadecyitrichlo- 
rosilane.n-octadecyttribromosilane. n-octadecyttrimethoxysilane.n-octadecylti1ethaxysilane. n-octadecyftriisopropox- 
ysjlane,n-octadecyltri-t-buthaxysilane; phenyltrichlorosilane, phenyltribioniosilane, phenyltrimetho^ane, 
phenyltriettioxysilane, phenyltriisoprapoxysilane,phenyttri-t-buttioKy8ilane; tetrachlorosilane, tetrabromosilane, tetram- 
ettioxysilane, tetraethoxysilane, tetrabuthoxysilane, dimethoxydiethoxysilane; dmethyldichlorosilane. dimethyldibronio- 
silane. dimethyldimethoxysilane, dimethytdiethoxysilane: dipheiyldichlorosilane, diphenyldibromosilane, 
diphenyldimethoxysilane, diphenytdiethoxysiiane; phenylmethyldichlorosilane,phenylmethyldibromosilane, phenyl- 
methyldimethoxysilane.phenytmethytdiethoxysilane; trichiorohydrosilane, tribromohydrosilane, trimethoxyhydrosilane. 
triethoxyhydrosilane, triisopropoxyhydrosilane, tri-t-buthoxyhydrosilane; vinyltrichlorosilane, vinyltribromosilane. vinyltri- 
methaxysilane, vinyKriethoxysilane. vinyltriisoprapoxysilane, vinyltri-t-buthoxysilane; trifluoropropyftrichlorosilane,trrf- 
luoropropyltribromosilane, trifluoroptopyltrimethoxysilane,trifluoropropyltriethoxysilane, trifluoK^iropyltriiso- 
prapoxysilane,trifluoroprq3yltri-t-buthoxysilane; gamma-gtycidoxypropylmethyldimethoxysilane, gamma-glycidoxypro- 
pylmethytdiethaxysilane, gamma-glycidQxypropyltrimethoxysilane.gamma-glyddoxypropyl^^ 

idoxypropyltriisopropoxysilane, gamma-glyddoxypropyltri-t-buthoxysilane;ganmia-methaayloxypropylmethyl- 
dimethoxysilane, gamma-methacrytoxypropytmethyldiethoxysilane, gamma-methacrytoxypropyttrlmethoxysflane, 
gamma-methacryloxypropyltilethOKysilane.gamma-methacrylQxypropyltrii^^ gamma-methacrylaxypro- 
pyttri-t-buthoxysilaneigamma-aminopropylmethyldimethoxysi gamma- 
aminopropyltrimethoxysjlane,ganma-aminopiopyltriethoxysilane,gamTO ganvna- 
aminopropyltri-t-buthoxysilane; gamma-mercaptopropylmethyldimethoxysilane. gamma-mercaptopropylmethyidiethox- 
ysilane, gamma-mercaptopropyltrimethoxysilane, gamma-mercaptopropyitriethoxysilane, ganvna-mercaptopropyltri- 
isopropoxysilane, gamma-mercaptopropyltri-t-buthoxysilane; p-(3,4-epoxycyclohQ(yl)ethyitrimethoxysilane, p-C3,4- 
epoxycyclohexyl)ethyttriethoxysilane; partial hydrolizate thereof; and mixtures thereof. 

To ensure that the silicone coating exhibits a safisfactory hardness and smoothness, it is preferable that the coating 
contains more than 1 0% by mo) of a three-dimensionally crms-linldng siloxane. In addition, to provide an adequate flex- 
ibility of the coating film yet assuring a satisfactory hardness and smoothness, it is preferred that tfie coating contains 
less than 60% by mol of a two-dimenslonally cross-linldng siloxane. Furthermore, to enhance the speed that the organic 
groups bonded to the silicon atoms of the silicone molecules are substituted with hydroxyl groups upon photoexcitation, 
it is desirat}le to use a silicone wherein the organic groups bonded to the silicon atoms of tfie silicone molecules are n- 
propyl or phenyl groups. In place of silicone having the siloxane bond, organopolysilazane composed of a silazane bond 
may be used. 

Addition of Antft>acterial Enhancer 

The photocatalytic coating may be doped with a metal such as Ag, Cu and Zn. 

Doping of the photocatalyst with Ag, Cu or Zn may be carried out by adding a soluble salt of such metal to a sus- 
pension containing particles of the photocatalyst. the resultant solution being used to form the photocatalytic coating. 
Alternatively, after forming the photocatalytic coating, a soluble salt of such metal may be applied thereon and may be 
subjected to irradiation of light to deposit metal by photoreduction. 

Tlie photocatalytic coating doped with Ag, Cu or Zn is capable of killing bacteria adhered to the surface Moreover, 
such photocatalytic coating inhibits growth of microorganisms such as mold, alga and moss. As a result the surface of 
a building, macfiine, apparatus, household, article and the like can be maintained dean for a long period. 

Addition of Photoactivitv Enhancer - 

The photocatalytic coating may additionally be doped with a metal of the platinum group such as Pt, Pd. Rh. Ru, 
Os and Ir. These metals may be similarly doped to ttie photocatalyst by photoreduction deposition or t)y addition of a 
soluble salt. 

A photocatalyst doped with a metal of the platinum group develops an enhanced photocatalytic redox activity so 
that decomposition of contaminants adhering on the surface will be promoted. 

Photoexdtation and UV Iffadiation 

For Vne antifogging purpose of a transparent member such as glass, a lens and a minror, it is preferable that the 
photocatalytic coating is formed of such a photocatalyst like titania that has a high band gap energy and can be pho- 
toexcited only by UV light. In that case, the photocatalytic coating does not absorb the visible light so that glass, a lens 
or a mirror would not be colored by a complementary color conponent. The anatase form of titania may be photoexcited 
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by a UV light having a wavelength less than 387 nm. with the rutile form of titania l)y a UV light having a wavelength less 
than 41 3 nm. with fin ootide by a UV light having a wavelength less than 344 nm. with zinc oxide by a UV light having a 
wavelength less than 387 nm. 

As a source of UV light a fluorescent lamp, incandescent lamp, metal hallde lamp, mercury lamp or other type of 
indoor illumination lamp may be used. As tfie antifogging glass, lens or mirror is exposed to UV light, the surface thereof 
will be superhydrophiWied by photoexcitation of the photocatalyst. In a situation where the photocatalytic coating is 
^(posed to the sunlight as in the case of a rearview mirror of a vehicle, the photocatalyst will advantageously be pho- 
toexcited spontaneously by the UV light contained in the sunlight. 

Photoexcitation may be carried out. or caused to be earned out. until the contact angle, with water, of the surface 
becomes less than about 10», preferably less than about 5°, particularly equal to about 0«. Generally, by photoexciting 
at a UV intensity of 0.001 mW/cm^, the photocatalytic coating vwll be superhydrophilified within several days to the 
degree that the contact angle with water becomes about 0°. Since the intensity of the UV light contained in the sunlight 
impinging upon the earth's surf&ce is about 0.1-1 mW/cm^. the surface will be superhydrophilified in a shorter time 
when exposed to the sunlight. ^ ^ 

In the case that the surface of the substrate is to be self-cleaned by rainfall or to be prevented from adhesion of 
contaminants, the photocatalytic coating may be formed of a photocatalyst which can be photoexdted by UV light or 
visible light. The articles covered by the photocatalytic coating are disposed outdoors and are subjected to irradiation 
of the sunlight and to rainfall. .u u ♦ 

When the photocatalytic coating Is made of titenia-containing alicone. it is preferable to photoexcrte the photocat- 
alyst at such an intensity to ensure ttwt a sufficient amount of tine surface organic groups bonded to the silicon atonre 
of the silicone molecules are substituted with hydroxyl groups. The most convenient method therefor is to use the sun- 

"^"^^Once the surface has been made highly hydrophilic, the hydrophilicity is sustained even during ttie night Upon 
exposure again to the sunlight the hydrophilicity will be restored and maintetned. 

It is preferable that the photocatalytic coating is superhydrophilified in advance before the substrate coated by the 
photocatalytic coating according to ttie invention is offered for use to the user. 

Examples 

The following Examples illustrate the industrial applicability of the invention from various aspects. 
Example 1 

AiTtifa^ffina Min-nr ■ AntHtaoain t f Phnlncalalvtic Coating wittl Interleaved Silica UaVW 

6 parts by weight of tetraethoxysilane Si(OC2H5)4 (Wako Jun\&ku, Osaka). 6 parts by weight of pure water, and 2 
parts by weight of 36% hydrochloric acid as a hydrolysis inhibitor were added to 86 parts by weight of ethand as a sol- 
vent and the mixture was stirred to obtain a silica coating solution. The solution was allowed to cool for about 1 hour 
since ttie solution evolved heat upon mixing. The solution was then applied on the surface of a soda-lime ^ass plate of 
10cm square in size by the flow coating mettiod and was dried at a temperature of 80°C. As drying proceeds, tetrae- 
ttioxyslfane was hydrolyzed to first form silanol Si(0H)4 which was then undenwent dehydration polymenzation to form 
a ttiin film of amoiphous silica on ttie surface of the glass pfate. , ■ 

Then a titania coating solution was prepared by adding 0. 1 parts by weight of 36% hydrochtonc aad as a hydrolysis 
inhibitor to a mixture of l part by weight of tetraettioxytitanium TiipC^H^i (Merck) and 9 parts by weight of ethanol. and 
the solution was applied to ttie surface of ttie above-mentioned glass plate by ttie flow coating mettiod in dry air. The 
amount of coating was 45 ng/cm^ in terms of titania. As the speed of hydrolysis of tetraettioxytitanium was so high, 
hydrolysis of tetraettioxytitanium partially commenced during ttie course of coating so ttiat formation of titanium hydrox- 
ide Ti(0H)4 started. ^ ^ «,«.>u„^„l 

Then ttie glass plate was held at a temperature of about 150»C for 1 -1 0 minutes to permit completion of ttie hydrol- 
ysis of tetraettioxy-titenium and to subject the resultant titanium hydroxide to dehydration polymerization whereby amor- 
phous titania was famed. In ttiis manner, a glass pfate was obtained having a coating of amorphous titania overlying 
ttie coating of amorphous silica. 

This specimen was ttien fired or calcined at a temperature of SOO'C in order to transform amorphous titania into ttie 
anatase form of titania. It is considered ttiat, due to ttie presence of ttie coating of amorphous silica underlying ttie coat- 
ing of amorphous titania, alkaline network-modifier ions such as sodium ions being present in the glass plate were pre- 
vented from diffusing from the glass substtate into ttie titania coating during calcination. 

Then a reflective coating of aluminum vras formed by vacuum evaporation deposition on ttie back of ttie glass plate 
to prepare a mirror to ttiereby obtain #1 specimen. 
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After the #1 specimen was kept in the dark for several days, a UV light was irradiated on the surfece of the speci- 
men for about one hour at the UV intensity of 0.5 mW/cm^ (the intensity of UV light having an energy higher than the 
band gap energy of the anatase Ibmi of titania. i.e. the intensity of UV light having a wavelength shorter than 387 nm) 
tijf using a 20W t)lue-light-black (BLB) fluorescent lamp (San^J Electric, FL20BLB) to obtain #2 specimen. 

For the purposes of comparison, a reflective coating of aluminum was formed by vacuum evaporation deposition 
on the back of a glass plate provided neither writh silica nor titania coating, the product being placed in the dark Ibr sev- 
eral days to obtain #3 specimen. 

The contact angle, with water, of the #2 and #3 specimens was measured by a contact angle meter (Kyowa Kaimen 
Kagaku KK. of Asaka. Saitama. Model CA-XISO). The resolving power at the small angle side of this contact angle 
meter was 1 •. The contact angle was measured 30 seconds after a water drof^et was dripped from a micro-syringe onto 
the surface of the respective specimens. In the #2 specimen, the reading of the contact angle meter, indicating the con- 
tact angle with water of the surface, was O" so that the surface exhibited superhydrophilidty. In contrast, the contact 
angle with water of the #3 specimen was 30-40*. 

Then the #2 and #3 specimens were tested for the antifbgging capability as well as to see how adherent vrateidro- 
plets would spread over the surface. Assessment of the antilbgging capability was done by filling a 500 ml beaker with 
300 ml of hot water of about 80«C. by thereafter placing on the beaker each specimen Ibr about 10 seconds with the 
front surface of the mirror directed downwards, and by inspecting immediately thereafter the presence or absence of a 
fog on the surface of the specimen and inspecting how the face of the tester reflected. 

With the #3 spedmen, the surface of the minor was fogged by steam so that the image of the observer's face was 
not reflected well. However, with the #2 specimen, no fogging was observed at all and the face of the tester was cleariy 
reflected. 

Assessment of the manner of adherent water droplets to spread was carried out by dripping several water droplets 
from a pipette onto the surface of the mirror inclined at an angle of 45*. rotating the mirror into a vertical positkwi. and 
thereafter inspecting how the droplets adhered and how the face of the otjserver reflected. 

With the #3 specimen, dispersed discrete waterdroplets which were obstructive to the eye adhered on the mirror 
surface. As a result, the reflected image was disturbed by the refraction of light due to adherent droplets so that it was 
difficult to observe the reflected image with clarity. In contrast with the #2 specimen, water droplets adhered onto the 
mirror surface were allowed to spread over the surface to form a unifbnn water film without forming discrete waterdro- 
plets. Although a slight distortion of the reflected image due to the presence of the water f im was observed, it was pos- 
sible to recognize the reflected image of the tester's face with a sufficient clarity. 

Example 2 

Antifogqing Mirror - Photocatalytic Coati ng Ckimorisinp Silica-Blended Titania 

A thin film of amorphous silica was fonned on the surface of a mirror (made by Nihon Fbt Glass. MFL3) in a manner 
similar to Example 1. 

Then a coating solution was prepared by admixing 0.69g of tetraethaxysilane (Wako JunYaku), l .07g of a sol of the 
anatase form of tHanfa (Nissan Chemical Ind.. TA-15. mean particle size of 0.01 jim), 29.88g of ethanol, and 0.36g of 
pure water. The coating solution was applied on the surface of the mirror by spray coating process. The mirror was heW 
at a temperature of about 150°C for about 20 minutes to subject tetraethoxysilane to hydrolysis and dehydration polym- 
erization to thereby form on the minor surface a coating wherein partides of the anatase form of titann were bound by 
a binder of amorphous silica. The ratio by weight of titania to silica was 1 . 

After the minor was kept in the dark for several days, a UV light was irradiated by the BLB fluorescent fanp for 
about one hour at the UV intensity of 0.5 mW/cm^ to obfain #1 spedmen. As the contact angle with water of the surface 
of the minor was measwed by the same contact angle meter as used in Example i , the reading of the cortact angle 
meter was 0*. 

Then, in the manner similar to Example 1 , the antifogging capability and the manner of adherent water droplets to 
spread were assessed with respect to the #1 specimen as well as to the "MFLS" mirror not provided with the photocat- 
alytic coating. In the test for antifogging property, with the #1 specimen, no fog was observed at all and the tester's face 
was dearly reflected, in contrast to the "MFLS" mirror wherein a fog was obsenred on the surface of the mirror so that 
the image of the tester's face was not dearly reflected. In the inspection for the manner of adherent water droplets to 
spread, with the "MFLS" ntirror. water droplets dispersed on the surface caused refraction of light to thereby disturb the 
reflected image, so that it was difficult to dearly observe the refleded image. With the #1 spedmen, in contrast, water 
droplets adhered to the surface of the mirror were spread over the surface to form a uniform water film and, although a 
slight distortion was observed in the refleded image due to the presence of the water film, it was possble to recognize 
the refleded image of the tester's face with a suffident darity. 
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Example 3 

^''t*m'"n gyeqlass Lens 

5 First.athinfilmdamorphousslllcavrasformedinamannersimflarto . 

commercially available on the market. :j_«,«.«i«„=a«4 4haioneiuae 

-men, the coating solution similar to that of Example 2 was spray coated on both sk1« <J the lens and thetensww 
held at a tenverature of about 150-C for about 20 minutes to subject tetraethoxysilane to hydrolysis and dehydration 
^y^Z toZ^y form on each side of the lens a coating wherein parf des of the anatase form of trtania were 

" ^"MeJ^l^lT^reS^^ 

one hour at the UVintensrty of OSmW/cm^.VVhen the contact anglewith water of the suriacedthe lens wa^ 

^1 conted^^^^^^ as used in Example 1 . the reading of the contact angle meter was O'. Th« lenswas 
Linted to the right-hand frame of eyeglasses, with an ordinary lens being mourted fbr the purposes of comparia^ 

" **'5l!i!r^%ourslater.thetesterworetheglassesandtookabathfo^ 

left was fogged with steam so that the eyesight was tost However, formation of fog was not obsen/ed at all on the nght- 
hand lens coated with the photocatalytic coating that had been subjected to UV irradiator,. 

AS the tester then Intentionally directed a shower on the glasses, obstrucjve "«*«'*°P'«*^„«^,^^^ 

20 hand ordinary lens so that a view was interrupted. However, waterdroplets adhenng on the nght-hand lens promptly 
spread into water f ym so that a sufficient view was secured. 

Example 4 

25 Antifoaaina Glass - 7 nm Titania Coating « o^.-aro in 

A Jution containing chelate of titeniumw^ applied on the surface of a soda-l.me ass °' ^^^^^^^^^^ 
size and titanium chelate was subjected to hydrolysis and dehydration polymerizatron to form amorphous *terHaw tt^^ 
surface of the glass plate. The plate was then calcined at a temperature of 500-C to fbmi a surface layer of crystals of 

the anatase form of titania. The thickness of the surface layer was 7 nm. . „ , ■• u. k 4 ,r m hio 

The surface of the thus obtained specimen was first subjected to irradiation by a UV "'SW °"«JJf": *^ 

UV intensity of0.5mW/cm2 by usingaBLBfluorescent lamp. As thecontact angle with water of the sujcec^^^ 

LnTSmeasuredbyaconted angle meter (made by ERMA. Model G-l-1000. the resolv-ngpw^^ 
side being 3°). the reading of the contact angle meter was less than 3". ,u^,^^i^^ 
Zn, while iradiating by a UV light at the UV intensity of 0.01 mW/cm^ by using « wh^f^^^^ 
(Toshiba. FL20SW). the variation, in response to time, of the contact angle was "measured. The i^lte are pto^ 
the graph of FIG. 3. It will be noted from the graph ttiat the surface of the specimen was maintained highly hydrophiUc 
even by a weak UV light emitted from the white fluorescent lamp. ^ »w hi„w„ h^Hrnnhiiir 

tJL Example illLates that the surface of the photocatalytic titania coating can be "^'"^"^^i^'S^X^ 
even though the thickness thereof is made as extremely small as 7 nm. The is very important >n preserving ttie trans- 
40 parency of a substrate such as a windowpane. 

Example 5 

AntHoQoina Glass - 20 nm Thick Titania Coatino 

A surface layer of anatase-fbrm titania crystals was formed on the surface of a soda-lime glass plate in a manner 
similar to Example 4. The thickness of the surface layer was 20 nm. ,n,,.„ww 
sSar to Example 4. the surface of the thus obtained specimen was first subjected to irradiation by a UV light for 
abo^ ^hL aTe uJ intensrty of 0.5 mW/cm^ by using a BLBfluorescem famp and then J«^^^^ 
to time of the contact angle was measured while subjecting to irradiation by a UV ligh tfie UVjrter^ d 0^01 
mW/cm^ by using a white fluorescent tenp. The results are shown in the graph of FIG. 4. in 
face of the specimen was mairtained highly hydrophilic by a weak UV light emitted from a white fluorescent lamp. 

Example 6 

AntHhqqIn q Glass - Effft<^ nf Calcinati nn Temoeraturpi of Amorphous Titaniq 

In a manner similar to Example 1 . a thin film of amorphous silica was first formed on the surface of soda-lime glass 
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plates of 10cm square in size and then a thin film of amorphous titania was coated thereon to obtain a plurality of spec- 

These glass plates were then calcined at a temperature of 450«C. 475'C. 500»C. and 525»C respectively. Upon 
infection by the powder X-ray diffraction method, the presence of crystalline titania of the anatase form was detected 
in the specimens calcined at 475«C. 500'C, and 52S»C so that transformation of amorphous titania into the anatase 
»rm crystalline titania was confirmed in these specimens. However, in the specimen calcined at 450'C. the anatase 
lorm of titania was not detected. 

-me surface of the thus olrtained speamens was first subjected to irradiation by a UV light for about three hours at 
the UV intensity of 0.5 mW/cm^ by using a BLB fluorescent lamp, and then the variation in response to time of the con- 
tact angle was measured by the contact angle meter (CA-X150) while subjected to irradiation by a UV light at the UV 
intensity of 0.02 mW/cm^ by using a white fluorescent lanp. The results are shown in Table 1 



Table 1 
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Calcination Temp (°C} 


immed. att BLB irradn 


3 days later 


9 days later 


14 days later 


450 


10 


13 


15 


23 


475 


0 


0 


0 


0 


500 


0 


0 


0 


0 


525 


0 


0 


0 


0 



a,k1^^ ^ ^PP^^ ^ Table 1 . it was found that, in the specimens which were calcined at a tenperature of 
475 C. 500 C, and 525«C and in which the formation of anatase crystals were confirmed, the contact angle was main- 
taned at 0« and the surface of the glass plate maintained superhydrophilic as long as inadiation of the UV Ught by a 
white fluorescent lamp was continued. In contrast, it was observed that the coating of amorphous titania of the speci- 
men calcined at 450°C did not exhibit photocatalyftc activity so that the contact angle increased as time elapsed 

When a blow of breath was blown upon the specimens calcined at a temperature of 475»C. 500»C and 525'C no 
formation of fog was observed on the specimen surface. 

Exanple 7 

Aniiteqqing ^ass - Effect of Alkaline Nehunrlc M odMar Inn niH.K:if^ 

A titania coating solution similar to Example 1 was prepared and was applied by the flow coating method on the 
surface of a 10cm square soda-iime glass plate. Similar to Example 1. the amount of coating was 45 (ig/cm^ in terms 
Of titania. 

... ^'"""^^ '^^^^ temperature of about 150»C for 1-10 minutes to form amorphous titania on 

the surface of the glass plate. The specimen was then calcined at a temperature of 500"C to transform amorphous tita- 
nia into the anatase form of titania. 

After keeping the specimen in the dark for several days, a UV light was irradiated on the surface of the spedmen 
for about one hour at the UV intensity of 0.5 mW/cm2 by using a BLB fluorescent lamp. Thereafter, the contact angle 
with water was measured by the contact angle meter {CA-X150). which incBcated a contact angle of 3». 

It is considered that the reason why In this specimen the contact angle was not reduced down to 0° is that because 
confrary to Example 1 . the specimen of this Example was not provided with a silica layer interleaved between the glas^ 
substrate and the titania layer, the alkaline networii-modif ier ions such as sodium ions were allowed to diffuse from the 
glass substrate into the titania coating during cateination at 500'C whereby the photocatalytic activity of titania was hin- 
dered. 

It is therefore believed that, in order to realize the superhydrophilicity of such a degree that the contact angle with 
water is equal to 0». it is preferable to provide an intermediate layer of silica as in Example 1 . 

Example 8 

Antifeqqinq Qlass - Formation of Amorphous Titania Ry Sp if^rfn^ 

Afilm of metallic titanium was deposited by sputtering on the surf&ce of a 10cm square soda-lime glass plate which 
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was then calcined at a temperature of 500°C. Upon inspection by the povwder X-ray diffraction method, formation of the 
anatase form of titania was observed on the surface of the glass plate. Obviously, metallic titanium was oxidized into 
anatase by calcination. 

Soon after calcination, the surface of the specimen was subjected to irradiation by a UV light at the UV intensity of 
5 0.5 mW/cn^ by using a BLB fluorescent lamp and the contact angle with water was measured by the contact angle 
meter (CA-X150) to monitor the variation in response to time of the contact angle. The results are shown in the graph 
of FIG. 5. As will be apparent from the graph, the contact angle with water was kept less than 3°. This experiment illus- 
trates that, even in the case where the photocatalytic coating is fbnned by sputtering, the surface of a glass plate is 
maintained highly hydrophilic upon UV irradiation. 

10 

Example 9 

AntHoanina Gla ss - UV Intensltv of 800 Lux 

IS A thin film of amorfrtious silica was formed on the surface a a 10cm square soda-lime glass plate in a manner sim- 
ilar to Example 1. 

Then the coating solution of Example 2 was applied by spray coating on the surface of the glass plate. The glass 
plate was then held at a temperature of about 1 50«C for about 20 minutes whereby a coating in which particles of the 
anatase form of titania were bound by a binder of amorphous silica was formed on the surface of the glass plate. The 
20 ratio by weight of titania to silica was 1 . . 

After kept in the dark for several days, the glass plate was subjected to irradiation by a UV light for about one hour 
at the UV intensity of 0.5 mW/cn^ by a BLB fluorescent lamp. After UV irradiation, the contact angle with water of the 
surface of the glass plate was measured by the contact angle meter (CA-X150) and It was found that the contact angle 

25 Thereafter, the specimen was subjected to irradiation by a UV Bght for 4 days at the UV intensity of 0.004 mW/enf 
(800 lux) by using a white fluorescent lamp. While the specimen was under UV inadiation. the contact angle at the sur- 
face thereof was maintained less than 2». When 4 days later a blow of breath was blown upon the specimen, formation 
of fog was not observed. 

In this way. it was confirmed that, by a weak UV light available under indoor illumination achieved for example by a 
30 white fluorescent lamp, the surface of the glass plate was maintained highly hydrophilic and fogging of the glass plate 
was prevented. 

Example 10 

35 Antifogging Glass ■ Effect of Silica-to-Trtania Blendino Ratio 

Next. tetraethoxysilane(WakoJunYaku), a sol of the anatase form of titania (Nissan Chemical Ind.. TA-15), ethanol, 
and pure water were admixed in varying rate to prepare Itour kinds of coating solutions having different tetraethoxysi- 
lane-to-titania sol blending ratio. The rate of tetraethoxysilane to titania sol was so selected that, after tetraethoxysilane 
40 was converted into amorphous silica, the rate of silica with respect to the sum of silica plus titania was equal to 10% by 
mol, 30% by mol. 50% by mol. and 70% by mol, respectively. 

Each of the coating solutions was apptted by spray coating on the surface of a 10cm square soda-lime glass plate 
which was then held at a temperature of about 150-0 for about 20 minutes to subject tetraethoxysilane to hydrolysis 
and dehydration polymerization whereby a coating in which particles of the anatase form of titania were bound by a 
45 binder of amorphous silica was formed on the surface of the glass plate. 

After being kept in the dark for a week, the specimens were subjected to irradiation by a UV light for about one hour 
at the UV intensity of 0.3 mW/cm^ by a BLB fluorescent lamp. After UV irradiation, the contact angle with water of the 
surface of the respective specimens was measured by the contact angle meter (CA-X150). The contact angle was 0' 
throughout all the specimens. 

50 Thereafter, two specimens with coatings having 30% by mol and 50% by mol of silica, respectively, were subjected 
to irradiation by a UV light for 3 days at the UV intensity of 0.004 mW/cm^ by using a white fluorescent lamp. While the 
specimens were under irradiation, the contact angle at the surface thereof was maintained less than 3*. 

Example 1 1 

55 

Antifbaaina Glass - Rutile Form Photocatalytic Coatina 

A titania coating solutfon was prepared by adding O.i part by weight of 36% hydrochloric acid as a hydrolysis inhib- 
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itor to a mixture of 1 part by weight of tetraethoxytitaniuiTi Ti(OC2Hs)4 (Mercig and 9 parts by weight of ethanot. The 
solution was then applied to the surface of a plurality of quartz glass plates, of lOem square in size by the'flow coating 
method in dry air. The amount of coating was 45 ng/cm^ in terms of tttania. 

The glass plates were then held at a temperature of about 1 SO'C for 1 -1 0 minutes to subject tetraethoxytitanium to 
hydrolysis and dehydration polymerization whereby a coating of amorphous titania was formed on the suitace of each 
glass plate. 

These specimens were then calcined at temperatures of 650'C and 800°C. respectively, to subject amorphous tita- 
nia to crystallization. Upon inspection by the powder X-ray diffraction method, it was fbund that the crystal form of the 
spedmen calcined at 650"C was of the anatase fbrm while the crystal fam of the specimen calcined at 800*C was of 
the rutile fbrm. 

After keeping the thus obtained specimens in the dark for a week, they were sut^ected to irradiation by a UV light 
for 2 days at the UV intensity of 0.3 mW/cm^ by a BLB fluorescent lamp. After UV irradiation, the contact angle was 
measured. The contact angle with water of the surface was 0° throughout all the specimens. 

It will be understood from the foregoing that a surface can be maintained highly hydrophHic not only in the case that 
the photocatalyst is the anatase fbrm of titania but also in the case that the photocatalyst is the rutile form. 

For this reason, it seems that the phenomenon of photocatalytic superhydrophilification is not altogether the same 
as the photocatalyb'c redox reaction. 

Example 12 

AntifbCMina Glass - TransmiWan<;a T«b^ 

In a manner similar to Example 1, a thin film of amorphous silica was first formed on the surface of a soda-lime, 
glass plate of 10cm square in size and then a thin film of amorphous titania was coated thereon. The glass plate was' 
then calcined at a temperature of 500*0 to transform amorphous titania into the anatase form of titania. The specimen 
thus obtained was kept in the dark for several days. Then the specimen was placed In a desiccator (24''C in temperature 
and 45-50% in humidity) housing a BLB fluorescent lamp and was sukijected to irradiation by a UV light for one day at 
the UV intensity of 0.5 mW/cnf to obtain #1 specimen. The contact angle with water of the #1 specimen as measured 
was 0°. 

Then the #1 specimen was taken out of the desiccator and was pronptly positioned above a wami bath held at 
60"C and transmittance was measured 15 seconds later. The transmittance as measured was divided by the initial 
transmittance to calculate a change in transmittance caused by a fog formed by condensation of steam. 

In a manner similar to Example 7, the surface of a glass plate was coated by the anafase fbrm of titania to oWain 
#2 specimen. The #2 specimen was placed in the desiccator and was subjected to irradiation by a UV light at the UV 
intensity of 0.5 mW/cm^ until the contact angle with water became equal to 3'. 

The ItZ specimen was then placed in a dark place. The #2 specimen was taken out of the dark place at different 
time points and each time the contact angle with water was measured. In addition, the #2 specimen was first placed 
each time in the desiccator (24»C in tenqierature and 45-50% in humidity) until the temperature was equalized where- 
upon, in a manner simitar to the #1 specimen, the #2 specimen was pron^pUy placed above the warm bath held at SO'C 
and the transmittance was measured 15 seconds later to derive a change in transmittance caused by a fog fbmied by 
condensation of steam. 

For the purposes of comparison, the contact angle with water was measured with respect to commercially mar- 
keted flat glass, acrylic resin plate, polyvinylchtoride (PCV) plate and polycarbonate (PC) ptate, respectively In addition, 
each of these materials was placed in the desiccator of the same condition to equalize the temperature and was then 
promptly ptaced above the wami bath held at 60"C. the transmittance being similarly measured 15 seconds later 
whereby a change in transmittance caused by a fog formed by condensation of steam was calculated. 

The results are shown in TaUe 2. 
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Table 2 



Specimen 


Contact Angle with 
waier \ } 


Change in Transmittance 
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#1 
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100 


#2 (3 nrs later) 
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100 
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' #2 f48 hrs later) 


21.0 


88.5 


#2 (72 hrs later) 


27.9 


87.0 


Flat Glass 


40.6 


45.5 


Acrylic Resin Plate 


64.5 


60.6 


PVC Plate 


75.3 


44.7 


PC Plate 


86.0 


49.0 



As will be apparent from Table above, it was confirmed that an extremely high antflbgging capability could be 
achieved if the contact angle with water was not greater than 10'. 



Example 13 

Photaeatalvst-Cftnteinln^ Slicnna Coatina 

This Example is related to the discovery that a coating of a certain high molecular weight compound and containing 
a photocatalyst is rendered highly hydrophilic when subjected to irradiation by a UV light. 

As substrates, aluminum plates of 10cm square in size were used. Each of the substrates was first coated with a 
silicone layer to smooth the surface. To this end. a first component "A" (silica sol) and a second component "B" (trimeth- 
oxymethylsilane) of the coating compositon "CSIaska* marketed by Japan Synthetic Rubber Co. (Tokyo) were mixed with 
each other in such a manner that the ratio by weight of silica to trimethoxymethylsiiane was equal to 3. The resultant 
coating mixture was applied on the aluminum substrates and was subjected to curing at a terrverature of 150"C to 
obtain a plurality of aluminum substrates (#1 specimens) each coated with a base coating of silicone of 3 (im in thick- 
ness. 

Then, the #1 specimens were coated with a high-molecular-weight coating composition containing a photocatalyst. 
In order to prevent a film Ibrming element of the coating composition from being degraded by photooxidation action of 
the photocatalyst. silicone was selected as the film fbrnwig element 

More specifically, a sol of the anatase form of titania (Nissan Chemical Ind. . TA-1 5) and the f rst component "A" (sil- 
ica sol) of the above-mentioned "Glaska" were admi«d. After dilution by ethanol. the above-mentioned second compo- 
nent "B" of "Glaska" was further added thereto to prepare a titania containing coating composition. The coating 
composition was comprised of 3 parts by weight of silica. 1 part by weight of trimethoxymethylsiiane, and 4 parts by 

weight of titania. . cno^ 
The coating conposition was applied onto the surface of the #1 specimen and was cured at a temperature of 150 C 
to obtain #2 specimen coated with a top coating wherein partides of the anatase form of titania were dispersed through- 
out a coating film of silicone. - 

Then the #2 specimen was subjeaed to irradiation by a UV light for 5 days at the UV intensity of 0.5 mW/cnrr by 
using a BLB fluorescent lamp to c*tain #3 specimen. When the contact angle with water of the surface of this specimen 
was measured by the contact angle meter (made by ERMA). surprisingly the reading of the contact angle meter was 
less than 3°. 

The contact angle of the #2 specimen measured prior to UV irradiation was 70». The contact angle of the #1 spec- 
imen as measured was 90«. Then, the #1 specimen was subjected further to irradiation by a UV light for 5 days under 
the same condition as the #2 specimen and the contact angle thereof was measured, the contact angle as measured 
being 85°. 
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From the foregoing, it has been discovered that, notwithstanding the fact that silicone inherently is sulsstantially 
hydrophobic; silicone is rendered'highly hydrophific when it contains a photocatalyst and provided thert the photocatalyst 
is photoexcited by irradiation by a UV light 

5 Exanple14 

Raman Spectroscooic Analysis 

By using a mercury lamp, the #2 specimen of Example 13 was subjected to inadiation by a UV light for 2 hours at 
10 the UV intensity of 22.8 mW/cnf to obtain #4 specimen. The #2 specimen prior to UV irradiation and the #4 specimen 
subsequent to UV irradiation were sufaiected to Raman spectroscopic analysis. For the purposes of comparison, a UV 
light was irradiated upon the #1 specimen under the same conditions and the specimen was subjected to Raman spec- 
troscopic analysis prior to and subsequent to UV irradiation. Raman spectra are shown in the graph of FIG. 6. In the 
graph of FIG. 6. the Raman spectra of the #1 specimen prior to and sutisequent to UV irradiation are shown by the sin- 
is gle curve #1 because they are identical. 

Referring to the graph of FIG. 6. in the Raman spectrum of the ItZ specimen, a dominant peak is noted at the wav- 
enumber 291 Ocm'^ correspontfing to the symmetrical stretching of the C-H bond of the sp^ hybrid orbital and a salient 
peak is observed at the wavenumber 2970cm'* indicating the inverted symmetrical stretching of the C-H bond of the 
sp^ hybrid orbital. It can therefore be concluded that the C-H bonds are present in the #2 specimen. 
so In the Raman spectrum of the #4 specimen, no peak is found at the wavenumbers 291 Ocm'^ and 2970cm"^ 
Instead, a broad absorption band peaking at the wavenumber 3200cm'^ and con-esponding to the symmetrical stretch- 
ing of the 0-H bond is observed. It is therefore concluded that, in the #4 specimen, there is no C-H bond but instead, 
the 0-H bonds are present. 

In contrast, in the Raman spectrum of the #1 specimen, a dominant peak at the wavenumber 2910cm'* corre- 
2s spending to the symmetrical stretching of the C-H bond of the sp^ hybrid orbital as well as a salient peak at the wave- 
number 2970cm"* corresponding to the inverted symmetrical stretching of the C-H bond of the sp^ hybrid orbital arc 
noted throughout the points of time prior to and subsequent to UV irradiation. Accordingly, it is confirmed that the C-H 
bonds are present in the #1 specimen. 

From the foregoing, it is considered that, when silicone which contains a photocatalyst is subjected to irradiation by 
30 a UV light the organic groups bonded to the silicon atoms of the silicone molecules as represented by the general for- 
mula (1) bek)w are substituted with the hydroxyl groups under the action of the photocatalyst so that a derivative of sil- 
icone is fomied at the surface as shown by the formula (2). 
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Example 15 

AntHoaaina Plastic Plate • Antifoaaina Coatino of Pholocalalyst-CQntaini'nQ Silicone 

The surface of a plastic substrate was first coated with a silicone layer to prevent the substrate from being degraded 
bythephotocatalyst. 

To this end, a coating solution was prepared in a manner similar to Example 13 by admixing the first and second 
coiw»ents "A" and "B" of the above-mentioned "Giaska" of Japan Synthetic Rubber Co. such that the ratio by weight 
of silica to trimethoxymethylsilane was equal to 3. The coating solution was applied on the surface of lOcm-square 
acrylic resin plates and was then cured at a temperature of lOO'C to obtain a plurality of acrylic resin plates (#1 speci- 
mens) each coated with a base coating of silicone of 5 \t.m in thickness. 

Next a sol of the anatase form of titania (Nissan Chemical Ind.. TA-15) and the first component "A" of the above- 
mentioned "Qaska" were admixed and, after diluted by ethanol. the second component "B" of "Giaska" was added 
thereto to prepare four kinds of coating solutions having different compositions. The compositions of these coating solu- 
tions were such that the ratio by weight of titania to the sum of titania plus silica plus trimethmymethylsilane was equal 
to S%. 10%, 50%, and 80%, respectively 

These coating soluHons were applied, respectively, onto the surface of the acrylic resin plates coated with the sili- 
cone layer and were cured at a temperature of 1 00"C to obtain #2-#5 specimens each coaled with a top coating wherein 
particles of the anatase form of titania were dispersed throughout a coating film of silicone. 

Then the #1 -#5 specimens were subjected to irradiation by a UV light by a BLB fluorescent lanrp for maximum 200 
hours at the UV intensity of 0.5 mW/cm^ and tiie contact angle with water of the surface of these specimens was meas- 
ured by the contact angle meter (made by ERMA) at different time points to see the variation in response to time of the 
contact angle. The results are shown in the graph of FIG. 7. 

As wrill be understood from tiie graph of FIG. 7, in the #1 specimen which was not provided witii the titania-oorrtain- 
ing coating, no appreciable change in the contact angle with water was resulted by UV irradiation. 

In contrast, in ttie #2-#S specimens provided witii the titanla-containing top coating, it will be noted that upon UV 
irradfation the surface was rendered hydrophilic to the degree that the contact angle with water became less than 10°. 

In particular, it will be understood that, in tine #3-#5 specimens wherein tine titania content was greater ttian 1 0% by 
weight, the contact angle with water became less tiian 3'. 

Furthermore, it virill be noted that in the #4 and #5 specimens having the titania content of 50% by weight and 80% 
by weight, respectively, tine contact angle with water became less than 3* within short time of UV inadiation. 

When a blow of breath was blown upon the #4 specimen, no formation of fog was observed. After keeping the #4 
speamen in the dark for 2 weeks, tine contact angle witii water was measured by tine contact angle meter (CA-X150) 
and was found to be less thsm 3". 

Example 16 

Pencil Scratch Test 

Pencil saatch test was conducted to ascertain the abrasion resistance of ttie titania-containing top coating. 

In a manner similar to Example 15, a plurality of lOcm-square acrylic resin plates were first coated with a base 
coating of silteone of 5 jim in tiiickness and were then coated with a top coating having varying titania content. The tita- 
nia content of the top coating was 50% by weight. 60% by weight, and 90% by weight, respectively. 

Aocofding to the method H8602 of the Japanese Indusfrial Standard (JIS), the surface of the specimens was 
scratched by various pencil leads to find a hardest pencil lead by which the top coating ms peeled off. A simitar test 
was also conducted for a specimen which was coated only with the base coating. The results are shown in the graph 
of FIG. 8. 

The top coating having the titania content of 90% by weight was peeled off by a pencil lead of hardness SB. but ttie 
top coating having the titania content of 60% by weight was able to witiistand a pencil lead of hardness H and showed 
an adequate abrasion resistance. Obviously, the abrasion resistance of the top coating increases wifli decreasing tita- 
nia content. 

Example 17 

Effect of Coatinc Thickness 

In a nranner similar to Example 13. lOcm-square aluminum plates were first coated with a base coating of silicone 
of 5 fim in thickness and were flien coated with an anatese-containing top coating of varying thickness to obtain a plu- 



19 



EP 0 816 466 A1 



rality of specimens. The thickness of the top coating of the #1 specimen was 0.003 urn, the thickness of the top coating 
of the #2 specimen being 0.1 jim. the thickness of the top coating of the #3 specimen being 0.2 (i.m. the thickness of 
the top coating of the #4 specimen being 0.6 |un, and the thickness of the top coating of the #5 spedmen being 2.5 jm. 

While subjecting the respective specimens to inadiation by a UV light at the UV intensity of 0.5 mW/cm^ by using 
a BLB fluorescent lamp, the variation in response to time of the contact angle with water of the surface of the specimens 
was measured by the contact angle meter (made by ERMA). The results are shown in the graph of FIG. 9. 

As will be apparent from the graph of FIG. 9. regardless of the thickness of the coating, the surface of the respective 
specimens was rendered highly hydrophilic within 50 hours of UV irradiation to the degree ttiat the contact angle with 
water became less than 3°. It will be noted in particular that, even with the titania-containing top coating of the thickness 
of less than 0.2 |im. a sufficient photocatalytic activity was achieved to the degree that the top coating surbce was ren- 
dered highly hydrophilic In this regard, it Is Known that a transparent layer is colored due to interference of light when 
the thickness of the layer exceeds 0.2 nm. This Example illustrates that, by limiting the thickness of the top coating to 
0:2 (im or less, the surface of the top coating can be made highly hydrophilic while preventing coloring thereof due to 
Interference of light. 

Next, the #1 -#5 specimens were tested for the capability thereof to photodecompose methyl mercaptan. The spec- 
imens were placed, respectively, in a desiccator of 1 1 liters in volume made of UV permeable quartz glass and nitrogen 
gas containing methyl mercaptan was introduced therein in such a manner that the methyl mercaptan concentration 
equaled 3 ppm. A 4W BLB fluorescent lamp was placed within the desiccator at a distance of 8 cm from the respective 
spedmens to inadlate the specimens at the UV intensity of 0.3 mW/cm^. By sampling gas in the desiccator 30 minutes 
later, the methyl mercaptan concentration was measured by gas chromatography and the removal rate of methyl mer- 
captan was c^culated. The results are shown in the graph of FIG. 10. 

The graph of FIG. 1 0 indicates that the photodecomposition capability of the photocatalytic coating vis-a-vis methyl 
mercaptan increases with increasing coating thickness. In contrast to the finding that the phenomenon of photocatalytjc 
supertiydrophifif ication is not affected by the coating thickness as desaibed hereinbefore with reference to the graph of' 
FIG. 9, it is found that the photocatalytic photodecomposition capability is dearly affected by the thickness. Therefore, 
it seems that the photocatalytic superhydrophilif ication process is not necessarily identicat with the photocatalytic redox 
process known hitherto in the field of photocatalyst 

Example 18 

Highly Hvdroohilic Photocat alytic Coating of Titania-Containina Silicone 

In a manner similar to Example 13, a lOcm-square aluminum plate was first coated with a base coating of silicone 
of 5|im inthldoiess. 

Then, a sol of the anatase form of titania (Nissan Chemical Ind., tA-15) and the second component "B' (trimeth- 
oxymethylsilane) of the above-mentioned "Glaska" were admixed with each other and the mixture was diluted by etha- 
nol to prepare a coating composition containing titania. The ratio by weight of trimethoxymethylsilane to titania was 
equal to 1. 

The coating composition was applied onto the surfeice of the aluminum plate and was cured at a temperature of 
1 50°C to form a top coating wherein partides of the anatase form of titania were dispersed throughout a coating fim of 
silicone. The thnkness of the coating was 0. 1 ^m. 

Then the spedmen was subjected to in-adiation by a UV light for a day at the UV intensity of 0.5 mW/cm^ by using 
a BLB fluorescent lamp. When the contact angle with water of the surface of this spedmen was measured by the con- 
tact angle meter (CA-X150), the reading of contact angle was 0'. 

The spedmen was kept in the dark for 3 weeks and the contact angle with water was measured each week. The 
measured contact angle is shown in Table 3. 



Tables 



immed. after irradiation 


1 week later 


2 weeks later 


3 weeks later 


0" 


2' 


1" 


3° 



As will be understood from Table 3. once the surface has been superhydrophilif led. superhydrcphilidty will be sus- 
tained tor a sut)Stantially long time period even in the absence of photoexdtation. 
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Example 19 

Antibarferial Enhancer - Aa-Added Photoeatalvst 

5 In a manner similar to Example 1 , a thin film of amorphous silica and a thin film of amorphous titania were fbmied 
in sequence on the surface of a lOcm-square soda-lime glass plate and the glass plate was then calcined at a temper- 
ature of 500°C to transform amorphous titania into the anatase form titania whereby #1 specimen was obtained. 

Then an aqueous solution containing 1 weight percent of silver lactate was applied onto the surface of the #1 spec- 
imen and the specimen was subjected to irradiation by a UV light for one minute by operating a 20W BLB fluorescent 

10 lamp positioned at a distance of 20 cm from the specimen whereby #2 specimen was obtained. Upon UV irradiation, 
silver lactate underwent photoreduction to fomi silver deposit and the suifece of the specimen was rendered hydrophilic 
under the photocatalytic action of titania. The #1 specimen was also subjected to UV irradiation under the same condi- 
tions. 

When the contact angle with water of the #1 and #2 specimens was measured by the contact angle meter (made 

75 by ERMA), the contact angle in both specimens was less than 3*. When a blow of breath was blown upon these spec- 
imens, no formation of fog was observed. For the purposes of comparison the substrate of soda-lime glass as such was 
tested and it was found that the contact angle with water was 50* and a fog was really fomied upon blowing of breath. 

Then, the #1 and #2 specimens as well as the soda-lime glass plate as such were tested for antibacterial capability. 
A liquid culture prepared by shake cultivating oolit>acillus (Escherichia coli W31 10 stock) for a night was subjected to 

20 centrifugal washing and was diluted with sterilized distilled water by 1 0,000 times to prepare a bacteria containing liq- 
uid. 0. 1 5 ml of the bacteria containing Iquid (equivalent to 1 0000-50000 CFU) was dripped on three slide glasses which 
were then brought into intimate contact with the #1 and #2 specimens and the soda-lime glass plate, respectively, which 
had previously been sterilized by 70% ethanol. These specimens and plate were then subjected to irradiation of a light 
of a white fluorescent lamp from in front of the slide glasses for 30 minutes at the intensity of 3500 lux. Thereafter, the 

25 bacteria containing liquid of respecfive specimens was wiped by a sterilized gauze and was recovered inIO ml of phys- 
iological saline and the liquid thus recovered was applied for inoculation on a nutrient agar plate for culture at 37'C for 
a day. Thereafter, the colonies of colibacillus formed on the culture was counted to calculate the survival rate of coliba- 
cillus. The result was that in the #i specimen and the soda-lime glass plate the sunnval rate of colibacillus was gr^er 
than 70%. but the survival rate was less than 10% in the #2 specimen. 

30 This experiment demonstrates that, when the photocatalyst is doped by Ag. the surface of the substrate is not only 
rendered highly hydrophilic but also is made to exhibit antaiacterial function. 

Example 20 

35 Antibacterial Enhancer - Cu- Added Photoeatalvst 

In a manner similar to Example 1 , a thin film of amorphous silica was formed, respectively, on the surface of 10cm- 
square soda-iime glass plates to obtain a plurality of #1 spectmena 

Then, similar to Example 1 , a thin film of amorphous titania was formed on the surface of the #1 specimen which 
40 was then calcined at a temperature of 500*C to transform amorphous titania into the anatase form titania. Then an eth- 
anol solution containing 1 weight percent of copper acetate was applied by spray coating onto the surface of the spec- 
imen and, after drying, the specimen was subjected to inadiation by a UV light for one minute by a 20W BLB fluorescent 
lamp positioned at a distance of 20 cm from the specimen to thereby subject copper acetate to photoreduction deposi- 
tion to obtain #2 specimen wherein aystals of titania were doped with copper. As inspected by the eye, the #2 specimen 
45 presented an adequate light transmittance. 

A soda-lime glass plate as well as the #2 specimen and the #1 spedmen (without titania coating) immediately after 
fjdjrication were tested for antifogging capability and the contact angle with water measured. TTie antlfbgging test was 
done by blowing a blow of breath upon the specimen to produce a fog on the specimen surface and by inspecting the 
presence and absence of particles of moisture condensate by a microscope. The contact angle was measured by the 
50 contact angle meter (made by ERMA). The results are shown in Table 4. 
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Table 4 



Immediately After Pr^jamtion of Specimen 




Contact Angle witfi 
Water (•) 


Antifogging Property 


#2 Specimen 


10 


no fog 


#1 Specimen 


9 


no fog 


Soda-Lime GSass 


SO 


fogged 



Further, after being subjected to irradiation by a UV light for a month at the UV intensity of 0.5 mW/cm^ by a BLB 
fluorescent lamp, the #2 and #1 specimens and the soda-lime glass plate were tested in a similar manner for antifog- 
ging capability and contact angle. The results are shown in Table 5. 



Tables 



After 1 Month of UV Inradiation 




Contact Angle with 
Water (•) 


Antifogging Property 


#2 Spedmen 


3 


no fog 


#1 Specimen 


49 


logged 


Soda-Ume Glass 


53 


fogged 



Then, the #2 and #1 specimens immediately after preparation and the soda-lime glass plate wo-e te^ed for anti- 
bacterial capability in a manner similar to Example 1 9. The resuK was that in the soda-lime glass plate and the #1 spec-, 
imen the survival rate of colibacillus was greater than 70%, but the survival rate was less than 10% in the #2 spedmen. 

Next the «e and #1 spedmens immediately after preparation and the soda-fime glass plate were tested for deo- 
dorizing performance. The spedmens were placed, respectively, in a desiccator of 1 1 liters in volume made of UV per- 
meable quartz glass and nitrogen gas containing methyl mercaptan was introduced therein in such a manner that the 
methyl mercaptan concentration equaled 3 ppm. A 4W BLB fluorescent lamp was placed within the desiccator at a dis- 
tance of 8 cm from the respective specimens to irradiate the specimens at the UV intensity of 0.3 mW/cm^. By sanpling 
gas in the desiccator 30 minutes later, the methyl mercaptan concentration was measured by gas chromatogrq^ and 
the removal rate of methyl mercaptan was calculated. With the #1 spedmen and the soda-lime glass plate, the removal 
rate of methyl mercaptan was less than 10% In contrast the removal rate of the «2 spedmen was more than 90% so 
that a good deodorizing peffbrmance was achieved. 

Example 21 

Antibacterial Enhancer - Cu- Added Photocataly st 

The first and second components "A" (silica sd) and "B" (trimethoxymethylsilane) of "Glaska" of Japan Synthetic 
Rubber Ca were admixed such that the ratio by weight of silica to trimethoxymethylsilane was equal to 3. and the mix- 
ture was applied on the surface of a lOcm-square acrylic resin plate, followed by curing at a temperature of 100*C to 
obtain an acrylic resin plate coated with a base coating of silicone of 3 jim in thickness. 

Then, a sol of the anatase form of titania (TA-15) and an aqueous solution containing 3 weight percent of 
acetate were mixed and, after adding further the first component "A" (silica sol) of "Glaska" thereto, the mixture was 
diluted by propanol. Then the second component "B" of "Glaska" was further added to prepare a titania-conlaining coat- 
ing composition. The coating composition was comprised of 3 parts by weight of silica, 1 part by weight of trimeth- 
oxymethylsilane. 4 parts by weight of titania, and 0.08 parts by waght of copper acetate in terms of metallic copper. 

The coating composition was applied onto the surface of the acrylic resin plate and was cured at a temperature of 
100°C to form a top coating. Then the specimen was subjected to in-adiation by a UV light for 5 days at the UV intensity 
of 0.5 mW/cm^ by using a BLB fluorescent lamp to obtain #1 spedmen. 
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The #1 specimen and the acrylic resin plate were investigated for antifogging capability, contact angle wrth water, 
antilacterial performance and deodorizing function, in a manner siirtlar to Example 20. In the acrylic resin plate, the 
contact angle with water was 70" and a fog was formed as a blow of breath was blown upon. In the #1 specimen, how- 
ever the contact angle with water was 3-9° and formation of fog did not occur. With regard to antibacterial property, in 
the acrylic resin plate the survival rate of colibacillus was greater than 70%, whereas the survival rate was less than 
1 0% in the #1 specimen. Regarding the deodorizing property, while the retnoval rate of methyl mercaptan by the acrylic 
resin plate was less than 10%, the removal rate by the #1 specimen was more than 90%. 
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Example 22 

P hotQ-Redmc Activity Enhantier - R-Add ari Photocatelvst 

In a manner similar to Example 1 . a thin film of amorphous silica and then a thin film of anrwrphous titania were 
formed on the surface of a lOcm-square soda-lime glass plate and the glass plate was then calcined at a temperature 
of 500°C to transform amorphous titania into the anatase form titania. 

Then. 1 ml of aqueous solution of chloroplatinic acid 6-hydrate HgRCIg • SHaO containing 0.1 weight percent of 
platinum was applied onto the specimen which was then subjected to irradiation by a UV light for one minute at the UV 
intensity of 0.5 mW/cm^ by a BLB fluorescent lamp to thereby form deposit of platinum by photoreduction of chloropla- 
tinic acid hexahydrate to obtain a specimen wherein crystals of titania were doped with platinum. 

The specimen thus obtained was left as such for a day and was thereafter subjected to irradiation by a UV light for 
a day at the UV intensity of 0.5 mW/cm2 by using a BLB fluorescent lamp. The contact angle measured after UV irradi- 
ation was 0". Furthermore, the removal rate of methyl mercaptan as measured and calculated in a manner sinralar to 
Example 20 was 98%. / 

25 Example 23 

RoH-raaanino and Antifoulinn Caoabilitv 

The #2 specimen of Example 1 3 was subjected to irradiation by a UV light for 10 hours at the UV intensity of 0.5 
30 mW/cnf by using a BLB fluorescent lamp to obtain #3 specimen. When the contact angle with water of the surface of 
this specimen was measured by the contact angle meter (made by ERMA). the reading of the contact angle meter was 

less than 3°. .. ^ . . 

An outdoor accelerated fouling test apparatus as shown in FIGS. 11A and 11B was installed atop of a building 
located in ChigasaW City. Referring to FIGS. 1 1 A and 1 1 B. this apparatus includes an inclined specimen mounting sur- 
as face 22 supported by a frame 20 and adapted to affix specimens 24 thereto. A fonvardly slanted roof 26 is fixed at the 
top of the frame. The roof is made of corrugated plastic sheet and is designed to pwmit collected rain water to flow 
down in a striped pattern atong the surface of the specimens 24 affixed on the specimen mounting surface 22. 

The #3 specimens, the #1 specimens of Example 13. and the #2 specimens of Example 13 were mounted to the 
specimen mounting surface 22 of the apparatus and were exposed to the weather condrtions for 9 days starting from 
40 June 12, 1995. The weather and the amount of rain fall during this period were as shown in Table 6. 



Tables 



4S 



so 



ss 



Date 


Weather 


Rainfall (mm) 


Shining Hours 


June 12 


cloudy 


0.0 


0 


June 13 


heavy rain 


53.0 


0 


June 14 


doudy/rain 


20.5 


0 


June 15 


cloudy^ir 


0.0 


3.9 


June 16 


cloudy 


0.0 


0.2 


June 17 


fair/cloudy 


0.0 


9.6 


June 18 


fair to cloudy 


0.0 


7.0 


June 19 


rain to cloudy 


. 1.0 


0.2 


June 20 


cly/heavy rain 


56.0 


2.4 
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When inspected on June 1 4. dirt or smudge of a striped pattern was observed on the surtace of the #1 specimen. 
Presumably, this is because during heavy rainfall on ttie preceding day the airborne hydrophobic contaminants such as 
combustion products like carbon black and city grime were carried by rain and were allowed to deposit on the spedmen 
suifece as rain water flowed down along the surfaca In contrast, no dirt or smudge was observed in the #3 spedmen. 
BelievaWy. this is because, since the spedmen suriace was rendered highly hydrophilic; the hydrophobic contaminants 
were unable to adhere onto the surface as rain water containing contaminants flowed down and further because the 
contaminants were washed away by rainfall. 

In the « specimen, dirt or smudge of a motUed pattern was observed. This is probably because, after the #2 spec- 
imen which had not been sut)jected to UV Irradiation was mounted to the testing apparatus, the pholocatalytic coating 
thereof was not yet exposed to UV light in the sunlight to a satisfaclory degree so that the surface was unevenly 
hydrophilified. 

When inspected on June 20. a smudge of a vertically striped pattern was remarkably noticed on the surface of the 
#1 specimen which was not provided with the photocatalytic coating. Conversely, no snujdge was observed on the #3 
and #2 spedmens provided with the photocatalytic coating. 

The contact angle with water as measured was 70« for the #1 spedmen and was less than 3« for the #2 and #3 
spedmens. The fact that the contact angle of the « spedmen became less than 3» demonstrates that, upon irradiation 
by UV light contained in the sunlight, the organic groups bonded to the silicon atoms of the silicone molecules of the top 
coating were substituted with hydroxyl groups under the photocatalytic action so that the top coating was rendered 
highly hydrophilic. It was also noted that in the #3 spedmen a high degree of hydrophilidty was sustained by irrmfiation 
of the sunlight. 

Example 24 

Cotor Difference Test ' 

Prior to and 1 month after mounting to the outdoor accelerated fouling test apparatus, the #1 and #2 specimens of 
Example 23 were tested by a color difference meter (Tokyo Denshoku) to measure a color difference. In conpliance 
with the Japanese Industrial Standard (JIS) H0201 , the color difference was indicated ty the AE* index. The variation 
in the cotor difference after mounting to the accelerated fouling test apparatus is shown in Table 7. 



Table? 





Striped Area 


Background 


#1 Spedmen 


4.1 


1.1 


#2 Spedmen 


0.8 


0.5 



As will be noted from Tat^e 7, in the #1 spedmen void of the photocatalytic coating, a large amount of smudge was 
caused to adhere to the vertical striped area conesponding to the fkw path of rainwater, as compared with the #2 spec- 
imen provided with the photocatalytic coating. It will also be recognized that, between the #2 and #1 spedmens. there 
was a substantial difference in the degree of fouling of the background area. 

Example 25 

Cleansinn CanabilHyfornil Rtaine 

A quantity of oleic acid was applied on the surface of the #1 and #3 spedmens of Example 23. respectively, and 
the specimens were then immersed in water in a astern with the spedmen surface held in a horizontal position. In the 
#1 specimen, oleic add remained adhered to the spedmen surface. In contrast in the #3 spedmen. oleic acid became 
rounded to fbmri oil droplets which were then r^eased frwn the surface of the specimen to rise to the top of the water. 

In this manner, it was confirmed that, in the. case that the surface of a substrate was coated with a photocatalytic 
top coating, the surface was maintained hydrophilic so that, when soatod in water, oily stains were readily released 
away firom the surface whereby the surface was deansed. 

This Example illustrates that a tableware, for instance, fouled by oil or fat can be readily deansed only by soaking 
it in water without recourse to a detergent provided that the suriace thereof is provided with a photocatalytic coating 
and if the photocatalyst is photoexdted by UV inadiation. 
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Example 26 

Drying of W^ter Wet Surface 

The surface of the #1 and #3 specimens of Example 23 were wetted with water and the specimens were left out- 
doors on a fair day to sul^iect them to natural drying. The ambient temperature was about 25''C. As the #1 specimen 
was inspected 30 trtnutes later, water droplets still remained on the surface. In contrast, it was found that the surface 
of the #3 specimen was completely dried. 

It is considered that in the #3 specimen provided with the photocatalytic coating, the adherent water droplets were 
caused to spread into a uniform film of water and for this reason drying was accelerated. 

This Example illustrates the possibility that an eyeglass lens or automotive windshield wetted with water may be 
promptly dried. 

Example 27 

Tilfl wiith Highly Hydrophilie S urface • Coatinff of Sintered Titenia and Silica 

A sol of the anatase form of titania (Ishihara Industries of Osaka. STS-11) and a sol of colloidal silica (Nissan 
Chentical Ind "Snowtex O") were admixed at a ratio by mol of 88:12 in terms of solid matter and the mixture was 
applied by spray coating on the surface of a glazed tile CToto Ud.. AB02E01) of 15cm square in size, followed by sinter- 
ing for 1 hour at a tenperature of 800»C to obtain a specimen covered by a coating comprised of titania and silica. The 
thickness of the coating was 0.3 |im. The contact angle with water immediately after sintering was 5°. 

The spedmen was kept in the dark for a week but the contact angle measured thereafter was still 5*. 

As the specimen surface was subjected to irradiation by a UV light for 1 day at the UV intensity of 0.03 mW/cm* by 
using a BLB fluorescent lamp, the confact angle with water became 0'. 

Example 28 

Qoatinq of Sintered Titania and Silica - Hy droohilificalion under Room Light 

A sol of the anatese form of titania (STS-l l ) and a sol of colloidal silica (Nissan Chemical Ind., "Snowtex 20") were 
admixed at a ratio by mol of 8020 in terms of solid matter and the mixture was applied by spray coating on the surface 
of a IScrr^square glazed tile {AB02E01). followed by sintering for 1 hour at a temperature of 800°C to oWain a speci- 
men covered by a coating conprised of titania and silica. The thickness of the coating was 0.3 |im. The contact angle 
with water immediately after sintering was 5'. , ... 

The contact angle with water as measured after keeping the specimen in the dark for 2 weeks was 1 4 . 

As the specimen surface was subjected to irradiation by a UV light for 1 day at the UV intensity of 0.004 mW/bm 
by a white fluorescent lamp, the contact angle with water became 4'. 

Accordingly, it was found that the photocatalytic coating was rendered hydrophilie to a satisfactory degree even 
under indoor illumination. 

Example 29 

Coating of Sintered Titania a nd Silica • Silica Content 

A sol of the anatese form of titenia (STS-1 1) and a sol of colloidal silica (Nissan Chemical Ind.. "Snowtex 20") were 
admixed at a varying ratio to obtain a plurality of suspensions having a ratio by mol of silica to the solid matter of the 
suspension of 0% 5%. 10%. 15%. 20%. 25% and 30%. respectively. 0.08g of each suspension was uniformly applied 
by spray coating on the surface of a 15cm-square glazed tile (AB02E01) and each tile was fired for 1 hour at a temper- 
ature of 800*C to obtain a plurality of specimens each covered by a coating comprised of titania and silica. 

The contact angle with water immediately after sintering of the respective specimens was as shown in the graph of 
FIG 12 As will be apparent from the graph of FIG. 12. the initial contact angle was lowered by addition of silica. 

The contact angle with water as measured after keeping the specimen in the dark for 8 days was plotted in the 
graph of FIG. 13. As will be noted by comparing the graph of FIG. 12 with the graph of FIG. 13.thelossof hydrophilicjr 
resulting from keeping the specimens in the dark is small in the specimens containing more than 10%. in the rato by 

"^'jh&^ner, the specimens were subjected to irradfation by a UV light for 2 days at the UV intensity of 0.03 mW/cm^ 
by using a BLB fluorescent lamp. The contact angle with water after irradiation is shown in the graph of FIG. 14. it will 
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be noted from the graph that upon UV irradiation hydrophilicity is readily recovered in the case where silica is added to 
tilania. 



Then the speamens were kept in the dark for further 8 days and the contact angle with water was measured The 
results are shown in FIG. 15. It will be noted from the graph that the loss of hydrophilicity resulting from keeping the 
specimens in the dark after UV irradiation is small in the case where silica is added to ftania. 

A pencil scratch test was carried out to examine the abrasion resistance of the sintered fflm con^rised of titania 
and silica. The results are shown in the graph of FIG. 16. It will be understood that the abrasion resistivity is inaeased 
with increasing silica content 

Example 30 

SludnaTest 

A mixture of a sol of the anatase form of titania (STS-1 1) and a sol of colloidal silica (Snowtex 20) and having a 
silica content of 10% by weight in terms of solid matter was applied to a 15cm-square glazed tile {AB02E01) in an 
amount of 4.5 mg in terms of solid matter and the tile was then calcined for 10 nnnutes at a temperature of 880«C The 
speamen was then subjected to irradiahon by a UV Ught for 3 hours at the UV intensity of 0.5 mW/cm^ by using a BLB 
fluorescent lamp to obtain #1 specimen. The contact angle with water of the #1 specimen and the glazed tile (AB02E01) 
as such was 0" and 30". respectively. ^ 

A mixture of powders of 64.3% by weight of yellow ochre. 21.4% by weight of calcined Kanto loam day, 4.8% by 
weight of hydrophobic caibon black. 4.8% by weight of silica powder, and 4.7% by weight of hydrophilic carbon black 
was suspended in water at a concentration of 1.05 g/l to prepare a slurry. 

1 50 ml of the thus prepared slurry was caused to flow down along the surface of the #1 specimen and the glazed 
tile (AB02E01) held inclined at AS', followed by drying for 15 minutes, and 150 ml of distilled water was thereafter 
caused to flow down, followed by drying for 15 minutes, the cycle of the above-mentioned sequences being repeated 
for 25 times. A change in color difference and in glossiness after the sludge test was measured. The measurement of 
the glossiness was carried out according to the method laid down by the Japanese Industrial Standard (JIS) Z8741 and 

thevariation in the gtossiness was obtained by dividing the glossiness after testing by the glossiness before testina The 
results are given in Table 8. 



Tables 





#1 Spedmen 


Tile (AB02E01) 


Contact Angle (*) 


0 


30 


Color Diff. Change 


0.7 


5.6 


Glossiness Change 


93.4% 


74.1% 



Example 31 

RelatiQnshiD between Contact Annie with Water and SaH- C laanino anri Antjfauljnp Cf pahiljty 

Various specimens were subjected to a slwlge test in a manner similar to Example 30. The tested specimens 
included the #1 specimen of Example 30. #2 specimen having a copper-doped titania coating, the glazed tHe 
(AB02E01). an acrylic resin plate, an artificial marble plate (Toto Ltd.. ML03) made of polyester resin matrix, and a pol- 
ytetrafluoroethylene (PTFE) plate. The « specimen was prepared by spray coating 0.3g of an aqueous solution of cop- 
per acetate monohydrate having a copper concentration of 50 timol/g on the #1 specimen of Example 30 and after 
drying, subjecting the specimen to inadiation by a UV light for 10 minutes at the UV intensity of 0.4 mW/cm^ by a BLB 
fluorescent lamp to thereby subject copper acetate monohydrate to photoreduction deposition. The results of the sludae 
test are shown in Table 9. 
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Tables 



Specimen 


Contact Angle with 
Water (") 


Color Difference Change 


Glossiness Change (%) 


#1 Specimen 


0.0 


0.7 


93.8 


#2 Specimen 


4.0 


2.0 


81.5 


Glazed Tile 


19.4 


4.6 


68.3 


Acrylic Plate 


50.9 


4.5 


69.3 


Artif. Marble 


54.8 


3.2 


85.2 


PTFE Plate 


105.1 


0.9 


98.2 



IS 

Furthermore, various specimens were subjected for a period of a month to an accelerated fouling test similar to 
Example 23. The specimens used included the #1 specimen of Example 30. the glazed tile (AB02E01). an acrylic resin 
plate, an aluminum plate covered by a base coating of silicone in a manner similar to Example 13, and a PTFE plate. 
20 The results of the accelerated tests are shown in Table 1 0 wherein, similar to Example 24, the change in the color dif- 
ference represents that of the vertical striped area of the specimens. 



Table 10 



Specimen 


Contact Angle with 
Water (") 


Color Difference Change 


#1 Specimen 


0.0 


0.9 


Glazed Tile 


19.4 


1.5 


Acrylic Plate 


50.9 


2.3 


Silicone Coated 


90.0 


4.2 


PTFE Plate 


105.1 


7.8 



35 

To iacMsAe understanding, the contact angle with water as well as the variation in the color difference are plotted 
in the graph of FIG. 17. In the graph of FIG. 17. the curve A indicates the relationship between the contact angle with 
water and the color difference change caused by the contaminants such as airborne combustion products like cartnn 
black and city grime as a r^ult of the accelerated fouling test with the curve B representing the relationship between 

40 the contact angle with water and the color difference change caused by sludge as a result of the sludge test. 

Refen-ing to the graph of FIG. 17, as the contact angle with water of the substrate increases, the dirt or stain due 
to combustion products and city grime becomes more conspicuous, as will be readily understood from the curve A. This 
is because the contaminants such as combustion products and city grime are generally hydrophobic and. hence, are 
apt to adhere to a hydrophobic surface. 

45 In contrast, the curve B illustrates that the dirt or stain due to sludge peaks when the contact angle with water is in 
the range of 20-50''. This is because the inorganic substances such as loam and soil inherently have a hyrdophilicity on 
the order of 20-50° in terms of the contact angle with water so that they are apt to adhere to a surface having a similar 
hyrdophilicity. It will therefore be understood that, by rendering the surface hyrdophilic to the degree that the contact 
angle with water is less than 20' or, alternatively, by rendering the surface hyrdophobic to the degree that the contact 

50 angle with water is greater than 60°, the adherence of the inorganic substances to a surface can be prevented. 

The reason why fouling by sludge is reduced as the contact angle with water is less than 20° is that, when the sur- 
face is rendered highly hydrophilic to the degree that the contact angle with water becomes less than 20°, the affinity of 
the surface for water exceeds the affinity for inorganic substances so that adherence of inorganic substances is blocked 
by water which preferentially adheres to the surface and any inorgara'c substiuices that have adhered to or are tending 

55 to adhere to the surface are readily washed away by water 

It will be noted from the foregoing that, in order to prevent both the hydrophobic and hydrophilic substances from 
adhering to the surface of a building and the like, or in order to ensure that dirt or smudge deposited on the surface is 
washed away by rain water so as to pennit the surface to be self-cleaned, it is desirable to modify the surface to present 
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a contact angle with water of less than 20". preferably less than lO". more preferably less than 5°. 
Example 32 

CoaBna of Si ntered Trtania and Tin Oxide • Glazed Tile 

A sol of the anat^e form of titania (STS-1 1) and a sol of tin oxide (TaW Chemical K.K. of Kakogawa City. Hyogo- 
Prefecture; mean crystallite size of 3.5 nm) were admiied at various blending ratio (percent by weight of tin aadde to the 
sum of titania plus tin oxide) shown in Table 1 1 and the mixtures were applied by spray coating on the surface of 1 5cm- 
square glazed tiles (AB02E01), followed by sintering for 10 minutes at a temperature either of yscC or 800'C to obtain 
#1-#6 specimens. After sintering, the #2. #4. #5 and #6 specimens were further doped with silver by applying thereon 
an aqueous solution containing 1 weight percent of silver nitrate and by subjecting silver nitrate to photoreduction dep- 
osition. In addition, #7-#9 specimens were further prepared by applying onto the glazed tiles only a sol of tin oxide or a 
sol of titania and by sintering. After sintering, the #7 and #9 specimens were further doped with silver. 

Each specimen was kept in the dark for a week and was thereafter subjected to in-adiation by a UV light for 3 days 
at the UV intensity of 0.3 mW/cnf by using a BLB fluorescent lamp whereupon the contact angle with water was meas- 
ured. The results are shown in Table 11. 



Table 11 



Specimen 


Sn02 Ratio (wt%) 


Sintering Tenp. ("C) 


Ag 


Contact Angle (") 


#1 


1 


800 


None 


0 


#2 


5 


800 


Added 


0 


#3 


15 


800 


None 


0 


#4 


15 


750 


Added 


0 


#5 


50 


750 


Added 


0 


#6 


95 


800 


Added 


5 


#7 


100 


750 


Added 


8 


#8 


0 


800 


None 


11 


#9 


0 


800 


Added 


14 



As will be apparent from Table 1 1, In the #8 and #9 specimens which were coated only wHh titania. the (xmtact 
angle with water exceeded 10*. This is because the alkaline network-modifier ions such as sodium ions diffused from 
the glaze into the titania coating during sintering whereby the photocatalytic activity of anatase was hindered. In con- 
trast it will be noted that in the #1 -#6 specimens wherein SnO^ were blended, the sur^e was hydrophiW ied to a high 
degree. As shown by the #7 specimen, tin oxide which is a semiconductor photocatalyst Is effective in rendering the sur- 
face hydrophiiic in a manner similar to titania. Although the reason ttierefor is not dear, this Example illustiates that the 
effect of diffusion of the alkaline network-modifier ions can be overcome t>y adding tin oxide to titania. 

Example 33 

Sintered Titania Coatino and DUfusion Pr evention Layer - Glazed Tile 

Tetraethoxysilane (marketed by Colcoat, "Ethyl 28") was applied by spray coating on the surface of a 15cm-square 
glazed tile (AB02E01) which was then held at a temperature of about ISO^C for about 20 minutes to subject tebaethox- 
ysilane to hydrolyste and dehydration polymerization whereby a coating of amorphous silica was formed on the surface 
of tine glazed tile. 

Then, a sol of the anatase form of titania (STS-1 1) was applied by spray coating on the sur^ of the tile which was 
then fired for an hour at a temperature of 800*C. 

The thus obtained specimen, as well as the #8 specimen of Example 32 tested for the purposes of comparison, 
were kept in the dark for a week and were then subjected to irradiation by a UV light for 1 day at the UV intensity of 0.3 
mW/cm^ by using a BLB fluorescent lamp whereupon the contact angle with water was measured. 

In conbast to the contact angle wiBi water being 12* in the #8 specimen of Exanple 32, the speamen provided with 
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the intervening layer of amorphous silica was hydrophilif led to the degree that the contact angle with water became less 
than 3°. It is therefore considered that the layer of amorphous silica is effective in preventing diffusion of the alkaline 
network-modifier ions being present in the glaze layer. 

5 Example 34 

Amortahous Tita nia Calcination Cnatlng and Diffusion Prevention Lavef • Glazed Tile 

In a manner similar to Example 1 . a thin film of amorphous silica and then a thin film of amorphous titania were 
10 formed In sequence on the surface of a 1 5cm-square glazed tile (AB02E01 ). The tile was then calcined at a temperature 
of SOCC to transform amorphous titania into the anatase form titania. 

The specimen thus obtained was kept in the dark for several days and was then subjected to irradiation by a UV 
light for 1 day at the UV intensity of 0.5 mW/cm^ by using a BLB fluorescent lamp. The contact angle with water of the 
resultant specimen as measured was 0°. Similar to Example 33. it is considered that the layer of amorphous silica is 
IS effective in rendering the surbce of a tile highly hydrophilic. 

Example 35 

Glazed Tile - Cleansino Capability for Oil Stains 

20 

A quantity of oleic add was applied on the surface of the #1 specimen of Example 30. When the specimen was then 
immersed in water in a cistern with the specimen surface held in a horizontal position, oleic add became rounded to 
form oil droplets which were then released from the surface of the tile to ascend to the top of ttie water. ' 

This Example also illustrates that a surface of pottery, such as tile and tableware, fouled by oil or fat can be readily 
2S cleansed merely by soaking the object in water or by wetting it with water, provided that the surface thereof is provided 
with a photocatalytic coating and provided that the photocataiyst is photoexcited by UV irradiation. 

Example 36 

30 Glass • Cleansing Caoabilitv for Oil Steins 

In a manner similar to Example 1, a thin film of amorphous silica and then a thin film of amorphous titenia were 
formed in sequence on the surface of a lOcm-square soda-lime glass plate. The glass plate was then fired at a ten^er- 
ature of 500''C to transform amorphous titenia into the anatese form titenia. 
35 A quantity of oleic acid was applied on the surface of the glass plate. As the glass plate was then immersed in water 
in a cistern with the surface hekl in a horizontal positton, oleic acid became rounded to form oil droplets which were then 
released from the surface of the glass plate and floated. 

Example 37 

40 

Glass • Self-geaninq and A ntifoulina Capability 

The specimen of Example 36 was subjected for a month to an accelerated fbuling test similar to Example 23. When 
inspected by the eye a month later, no smudge of a vertically striped pattern was observed. 

45 

Example 38 

gazed Tile • Antibacterial E nhancer tAo Dwainal 

so A coating comprised of titania and silica was formed on the surface of a I5cm-square glazed tile (AB02E01) in a 
manner similar to Example 27. 

Then an aqueous solution containing 1 weight percent of silver lactete was applied onto tiie surface of ttie tile which 
was then subjected to irradiation by a UV light of a BLB fluorescent lamp to thereby subject silver lactete to photoreduc- 
tion to form a silver deposit whereby a specimen coated with silver doped titania was obtained. The contact angle witii 
55 water as measured was O"- 

When the tile was then tested for the antibacterial function in a manner simifar to Example 19. the survival rate of 
colibacillus was less tiian 10%. 
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Example 39 

Glazed Tile - Anttoacterial Enhancer (Cu Doping) 

A coating comprised of titania and Silica was fomied on the surfece of a 15cm-square glazed tile (AB02E01) in a 
manner similar to Example 27. 

Then an aqueous solution containing 1 weight percent of copper acetate monohydrate was applied onto the sur- 
face of the tile which was then subjected to irradiation by a UV light of a BLB fluorescent lamp to thereby subject copper 
acetate monohydrate to photoreduction to form a copper deposit whereby a specimen coated with copper-doped titania 
was obtained. The contact angle with water as measured was less than 3°. 

As the tile was then tested for the antibacterial function in a manner similar to Example 19. the survival rate of col- 
ibacillus was less than 10%. 

Example 40 

Glazed Tile • Photo-Redox Activity Enhanc er 

A coating comprised of titania and silica was formed on the surface of a IScm-square glazed tile (AB02E01} in a 
manner similar to Example 27. 

Then, the surface of the specimen was doped with platinum in a manner similar to Example 22. The contact angle 
with water as measured was 0". 

The removal rate of methyl mercaplan as measured in a manner similar to Example 20 was 98%. 

Example 41 

Effect of Photoexdtina Wavetancilh 

After being kept in the dark for 10 days, the #8 specimen of Example 32 and. for the purposes of comparison, the 
glazed tile (AB02E01} without titania cpating were subjected to irradiation by a UV light by using a Hg-Xe lamp under 
the conditions shown in Table 1 2 and on doing so the variation in response to time of the contact angle with water was 
measured. 



Table 12 



UVWavelength (nm) 


UV Intensity (mW/bm^ 


Photon Density (pho- 
ton/sec/cm^) 


313 


10.6 


1.66X10^^ 


365 


18 


3.31 X 10^® 


405 


6 


1.22X10^^ 



The results of measurement were shown in FIGS. 18A-18C wherein the value plotted by white dots represents the 
contact angle wth water of the #8 specimen of Example 32 and the value plotted by black dots indicates the contact 
angle with water of ttie glazed tile which was not provided with the titania coating. 

As will be understood fi'om F|G. 18C, hydrophilification did not occur in the case that a UV light having an energy 
lower than that of a wavelength of 387 nm corresponding to the bandgap energy of the anatase fomi of titania (i.e., a 
UV light having a wavelength longer than 387 nm) was irradiated. 

In contrast, as will be apparent from FIGS. 18A and 18B. the surface was rendered hydrophilic upon irradiation by 
a UV light having an energy higher than the bandgap energy of anatase. 

From the foregoing, it was confirmed that hydrophilificatipn of a surtace is closely related to photoexcitation of the 
photo-semiconductor. 

Example 42 

Plastic Plate Coated bv Photocatalvst-Containino Silicone 

A titania-containing coating composition amilar to that of Example 18 was applied on a polyethyleneterephthalate 
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10 



IS 



20 



2S 



{PET) fam (Fuji Xerox, monochromatic PPC film for OHP. JF-001) and was cured at a temperature of 110'C to obtain 
#1 specimen coated with titania-containing silicone. 

Furfter. an aqueous polyester paint (made by Takamatsu Resin. A-124S) was applied on another PET film (JF- 
001 ) and was cured at 1 10°C to form a primer coating. A titania-containing coating composition similar to that of Exam- 
ple 1 8 was then applied on the primer coating and was cured at a temperature of 1 10»C to obtain #2 specimen. 

Also, a titania-containing coating composition similar to that of Example 18 was applied on a polycarbonate (PC) 
plate and was cured at a terrperature of 11 0*0 to obtain #3 specimen. 

Furthermore, an aqueous polyester paint (A-124S) was applied on another polycarbonate plate, followed by cunng 
at a temperature of 1 1 0»C to form a primer coating, and a titania-containing coating composition similar to that of Exam- 
ple 18 was thereafter applied thereon followed by curing at a temperature of 1 1CC to obtain #4 specimen. 

The #1 -#4 specimens as well as the PET film (JF-001 ) and polycarbonate plate as such were subjected to irradia- 
tion by a UV light at the UV intensity of 0 6 mW/cm^ by using a BLB fluorescent lamp and on doing so the variation in 
response to time of the contact angle with water of the specimen surface was measured. The results are shown in Table 
13. 



Table 13 



Specimen 


Before IrradiaL 


1 day later 


2 days later 


3 days later 


10 days later 


#1 


71' 


44- 


32» 


7° 


2° 


#2 


73' 


35" 


16° 


3° 


2° 


#3 


se- 


55* 


27. 


9* 


3° 


#4 


es* 


53' 


36» 


18° 


2° 


PET 


70' 


72' 


74° 


73° 


60° 


PC 


go* 


86» 


88° 


87« 


89° 
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As wBI be apparent from Table 13. the surface of the specimens under question was hydrophilif ied as UV irradiation 
was continued and about 3 days later the surface is rendered superhydrophilic. As described hereinbefore with refer- 
ence to Example 14, it is considered that this is due to the fact that the organic groups bonded to the silicon atoms of 
the silicone molecules of the titania-containing silicone layer were substituted with the hydroxyl groi^js under the pho- 
tocatalytic action caused by photoexcitation. ^ 

As is well-known, a UV intensity of 0.6 mW/cm^ is roughly equal to the intensity of the UV light contained in the sun- 
light impinging upon the earth's surface. It will be noted, accordingly, that supertiydrophilification can be achieved simply 
by exposing the titania-containing silicone coating to the sunlight. 
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Example 43 

Weathering Te st of Photocatslygt-finntaining Silicone 

The #1 specimen (aluminum substrate coated with silicone) and the #2 specimen (aluminum substrate coated with 
titenia-containing silicone) of Exanple 13 were subjected to a weathering test by using a weathering testing machine 
(made by Suga Testing Instruments. Model "WEL-SUN-HC") while irradiating a light from a carbon arc lamp and spray- 
ing rain for 1 2 minutes per hour and at a temperature of 40°C. The weather resistivity was assessed by the glossiness 
retention rate (percentage of the glossiness after testing to the initial glossiness). The results are shown in Table 1 4. 
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Table 14 



Specimen 


500 hrs 


1000 hrs 


3000 hrs 


#1 


91 


95 


90 


#2 


99 


100 


98 



As will be apparent from Table 1 4. the glossiness retention rate remained roughly the same regardless of the pres- 
ence or absence of titania This indicates that the siloxane bonds forming the main chain of the silicone molecule were 
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not broken by the photocatalylic action of titania. It is therefore considered that the weather resistivity of silicone is not 
affected even after the organic groifis bonded to the silicon atoms of the silicone molecules are stAstituted with the 
hydroxyl groups. 

While the present invention has been described herein with reference to the specific embodiments thereof, it is con- 
5 templated that the invention is not limited thereby and various modifications and alterations may be made therein with- 
out departing from the scope of the invention. Furthermore, the present invention may be applied for various purposes 
and fields other than the aforesaid. For example, a superhydrophilified surface may be utilized to prevent air bubbles 
from adhering to an undenvater surfaca Also, the superhydrophilified surtace may be used to form and maintain a uni- 
form film of water. Moreover, In view of an excellent affinity for vital tissues and organs, the superhydrophilic photocat- 
10 alytic coating may be utilized in the medical fields such as contact lens, artificial organs, catheters, and anti-thrombotic 
materials. 

Claims 

IS 1 . An antifbgging mirror comprising: 

a substrate with a reflective coating; and, 

a substantially transparent layer comprised of a photocatalytic semiconductor material and bonded to the sur- 
face of said substrate: 

20 said photocatalytic material operating iqjon photoexcitation thereof to render the surface of said layer 

hydrophilic whereby adherent moisture condensate and/or water droplets we caused to spread over the sur- 
face of said layer to thereby prevent the substrate fix>m being fogged or blurred with adherent moisture conden- 
sate and/or water droplets. 

25 2. An antifogging mirror according to dalm 1 , wherein upon photoexcitation the surface of said layer presents a water- 
wetlability of less than about 10' in terms of the contact angle with water. 

3. An antifogging m'rror according to dalm 2, wherein upon photoexcitation the surface of said layer presents a water- 
wettability of less than about 5* in terms of the contact angle with water. 

30 

4. An antifogging mirror according to claim 1 , wherein said photocatalytic material comprises an oxide selected fi'om 
the group consisting of TiOg. ZnO, SnOj. SrTiOa. WO3. 81303 and FegOs. 

5. An antifogging mirror according to daim 4, wherein said photocatalytic material comprises the anatase form of tita- 
3S na. 

6. An antifbgging nnrror according to claim 4, wherein said layer further comprises SiOg or SnOg. 

7. An antifogging niinror according to claim 1 , wherein said layer comprises a coating wherein partides of said photo- 
40 cafalytic material are uniformly dispersed. 

8. An antifbgging min-or according to daim 7, wherein said coating is made of siRcone and wherein the surface of said 
coating is formed of a derivative of silicone in which the organic groups bonded to the silicon atoms of the silicone 
molecules have been substituted upon photoexctfation at least in part with hydroxyl groups under the photocatalytic 

45 action of said photocatalytic material. 

9. An antifbgging mirror according to dam 1 . wherein said substrate is made of glass containing alkaline network- 
modifier ions and wherein a thin film tor preventing said ions from diffusing from said substrate into said layer is 
interieaved between said sidslrate and said lafer. 

so 

10. An antifbgging min'or according to daim 9, wherein said thin fHm comprises a thin film of silica. 

1 1 . An antifogging mirror according to daim 1 , wherein the thickness of said layer is less than about 0.2 micromet^. 

55 12. An antifogging mirror according to claim 1 , wherein said fayer further comprises a metal selected from the group 
consisting of Ag, Cu and Zn. 

13. An antifogging min-or according to cfaim 1 , wherein said layer further comprises a metal selected from the group 
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consisting of Pt Pd. Rh, Ru. Os and Ir. 

14. An antifogging mirror according to one of clainre 1-13. wtierein said min-or is a t)athroom or lavatory mirror. 

15. An antifogging min-or according to one of claims 1 -13, wherein said mirror is a rearview minor Ibr a vehicle. 

16. An antifogging min-or according to one of claims 1-13. whwein said mirror is a dental mouth mirror. 

17. An antifbgging lens comprising: 

a transparent lens-forming Ixxly; and. 

a suJjstantially transparent layer comprised of a photocatalytic semiconductor material and lionded to the sur- 
face of said lens-forming IxxJy; 

said photocatalytic material operating upon photoexdtation thereof to render the surface of said layer 
hydrophilic whereby adherent moisture condensate and/or water droplets are caused to spread over ttie sur- 
face of said layer to thereby prwent the lens-forming body from being fogged or blurred with adherent moisture 
condensate and/or water droplets. 

18. An antifogging lens according to daim 1 7, wherein upon photoexcitation the surface of said layer presents a water- 
wettability of less than about 1 0* in terms of the contact angle with water. 

19. An antifbgging lens according to claim 18. wherein upon photoexcitation the surface of said layer presents a water- 
wettability of less than about 5* in terms of the contact angle with water. 

20. An antifogging lens according to claim 1 7, wherein said photocatalytic material comprises an oxide selected from 
the group consisting of TiOa. ZnO. Sn02, SrTiOa, WO3. BigOg and FeaOg. 

21 . An antifogging lens according to daim 20. wherein said photocatalytic material comprises the anatase form of tita- 
nia. 

22. An antifbgging lens according to claim 20. wherein said layer further comprises Si02 or SnOg. 

23. An antifogging lens according to claim 1 7. wherein said layer comprises a coating wherein partides of said photo- 
catalytic material are uniformly dispersed. 

24. An antifogging lens according to daim 23. wherein said coating is made of silicone and wherein the surface of said 
coafing is formed of a derivative of silicone m which the organic groups bonded to the silicon atoms of the silicone 
molecules have been substituted upon photoexcitatton at least in part with hydrQxyl groups under the photocatalytic 
action of said photocatalytic material. 

25. An antifbgging lens according to daim 1 7. wherein said lens-fomiing body is made of glass containing alkaline net- 
work-modifier ions and wherein a thin fflm for preventing said ions from diffusing from said lens-forming body into 
said layer Is interieaved between said tens-forming body and said layer. 

26. An antifogging lens according to daim 25. wherein said thin film comprises a thin film of silica. 

27. An antifogging lens accoitling to daim 17. wherein the ttiickness of said layer is less ttian about 0.2 micrometers. 

28. An antifbgging lens accoiding to daim 17. wherein said layer further comprises a metal selected from the group 
consisting of Ag. Cu and Zn. 

29. An antifbgging lens according to claim 17. wherein said layer further conprises a metal selected from the group 
consisting of Pt Pd. Rh, Ru. Os and Ir. 

30. An antifogging lens according to one of daims 17-29. wherein said lens is an eyeglass lens. 

31. An antifogging lens according to one of daims 17-29. wherein said lens is an optical lens. 
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32. An antifbgging lens according to one of claims 17-29. wherein said lens is a photographic lens. 

33. An antHbgging lens according to one of claims 17-29. wherein said lens is an endoscopic lens. 

34. An antilbgging lens according to one of claims 1 7-29. wherein said lens is a prism. 

35. An antifbgging transparent sheet member comprising: 

a transparent substrate; and. 

a substantially transparent layer conprised of a photocatalytic semiconductor material and bonded to the sur- 
face of said substrate; 

said photocatalytic material operating upon photoexcitation thereof to render the surface of said layer 
hydrophilic whereby adherent moisture condensate and/or water droplets are caused to spread over the sur- 
face of said fayer to thereby prevent the substrate from being fogged or blurred with adherent moisture cond«i- 
sate and/or water (froplets. 

36. An antifogging sheet member according to claim 35, wherein upon photoexdfation the surface of said layer 
presents a water-wettabiiity of less than about 10° in terms of the confact angle with water. 

37. An antifogging sheet member according to claim 36, wherein upon photoexcitation the surface of said l^er 
presenis a water^ettability of less than about 5° in terms of the contact angle with water. 

38. An antifbgging sheet member according to daim 35. wherein said photocatalytic material comprises an oxide, 
selected from the group consisting of TiC^, ZnO, SnO^, SrTiOa. WO3. 81203 and FsgOs. 

39. An antifbgging sheet member according to daim 38. wherein said photocatalytic material comprises the anatase 
form of tifania. 

40. An antifbgging sheet member according to claim 38. wherein said l^er further comprises Si02 or SnOg. 

41. An antifbgging sheet member according to claim 35. wherein said layer comprises a coating wherein partides of 
said photocatalytic material are uniformly dispersed. 

42. An antifogging sheet member according to claim 41 . wherein said coating is made of silicone and wherein the sur- 
face of said coating is formed of a derivative of silicone in which the organic groups bonded to the silicon atoms of 
the silicone molecules have been substituted upon photoexcitation at least In part with hydroxyl groups under the 
photocatalytic action of said photocatalytic material. 

43. An antilbgging sheet member according to daim 35. wherein said substrate is made of glass containing alkaline 
network-modifier ions and wherein a thin film for preventing said ions from dffusing from said substrate into said 
layer is interieaved between said substrate and said layer. 

44. An antilbgging sheet member according to cteim 43. wherein said thin film comprises a thin film of silica. 

45. An antifogging sheet menfcer according to daim 35, wherein the thickniess of said fayer is less than about 0.2 
micrometers. 

46. An antifogging sheet member according to daim 35, wherein said layer further comprises a mefal selected fiom the 
group consisting of Ag, Cu and Zn. 

47. An antifogging sheet member according to daim 35, wherein said layer further comprises a metal selected from the 
group consisb'ng of Pt Pd, Rh, Ru, Os and Ir. 

48. An antilbgging sheet member according to one of daims 35-47, wherein said substrate is a windowpane. 

49. An antifbgging sheet member according to daim 48, wherein said windowpane is made of glass or plastics. 

50. An antifbgging sheet m^nber acconling to daim 49, wherein said windowpane is a windowpane for a vehide 
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selected from the group consisting of automobile, railwray vehicle, aircraft, waiercraft. submarine, snowmobile, 
ropeway gondola, pleasure garden gondola and spacecraft. 

51 . An antifogging sheet member according to one of claims 35-47. wherein said substrate is a windshield for a vehicle. 

52. An antifogging sheet member according to daim 51. wherein said windshield is made of a material selected from 
the groip consisting of glass and plastics. 

53. An antifogging sheet member according to claim 51 . wherein said windshield is a windshield for a vehicle selected 
from the group consisting of automobile, railway vehicle, aircraft, watercraft. submarine, snowmobile, motorcycle, 
ropeway gondola, pleasure garden gondola and spacecraft 

54. An antifogging sheet member according to one of claims 35-47. wherein said substrate is a shield of goggles or 
mask. 

55. An antifogging sheet member according to one of daims 35-47. wherein said substrate is a shield of a helmet. 

56. An antifogging sheet member according to one of claims 35-47. wherein said substrate is a cover glass for a meas- 
uring instrument. 

57. A composite with a hydrophilic surface, comprising: 

a substrate; and. ' 
a layer comprised of a photocatalytic semiconductor material and bonded to the surface of said substrate; 
said photocatalytic material operating upon photoexcitation thereof to render the surface of said composite 
hydrophilic such that the surface of said composite presents a water wettability of less than about 10' in terms 
of the contact angle with water. 

58. A corrvosite according to daim 57, wherein upon photoexdtation the surface of said composite presents a water 
wettability of less than about 5' in terms of the contact angle with water. 

59. A composite according to claim 57, wherein the surface of said layer is further coated with a hydrophilic protective 
layer. 

60. A con^te according to daim 57, wherein the surface of said layer is further coated with a protective layer which 
is adapted to be rendered hydrophilic upon photoexdtation. 

61 . A composite according to claim 57, wherein said substrate is made of a material sheeted from the groifl) consisting 
of metal, ceramics, glass, plasfics. wood, stone, cement, concrete, a combination thereof, and a laminate thereof, 
and wherein, for self-deaning of the composite, said layer operates to permit adherent deposits and/br contami- 
nants to be washed away by raindrops as said composite is subjected to rainfall. 

62. A cortposite according to claim 57. wherein said substrate is made of a material selected from the group consisting 
of metal, ceramics, glass, plastics, wood, stone, cement, concrete, a combination thereof, and a laminate thereof, 
and wherein said' layer operates to prevent contaminants from adhering to the surface thereof as contaminant- 
laden rainwater flows therealong. 

63. A composite aocorcHrig to daim 61 or 62, wherein said substrate is a building material. 

64. A composite aocorcBng to daim 61 or 62, wherein said substrate is a sheet gfass. 

65. A composite according to daim 61 or 62, wherein said substrate is a plastic plate. 

66. A composite according to daim 61 or 62, wherein said substrate is a sheet metal. 

67. A composite according to daim 61 or 62, wherein said substrate is a tile. 

68. A conposite according to daim 61 or 62, wherein said substrate is a coating of a machirie or artide of manufacture. 
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69. A composite according to claim 61 or 62. wherein said sitetrate is a windowpane ft>r a building. 

70. A composite according to daim 61 or 62. wherein said sii)Strate is a windowpane for a vehicle. 

71 . A composite according to daim 61 or 62. wherein said substrate is a windshield for a vehicle. 

72. A composite according to daim 57. wherein said sidsstrate is made of a material selected from the group consisting 
of metal, ceramics, glass, plastics, wood, stone, cement, concrete, a combination thereof, and a laminate thereof, 
and wherein, to fadlitate deansing of the composite wHh water, said layer operates to release adherent deposits 
and/or contaminants when soaked in or wetted with water. 

73. A composite according to daim 72, wherein said substrate is a surface of a machine or artide of manufacture. 

74. A conposite according to daim 72, wherein said substrate is a coating of a machine or artide of manufacture. 

75. A composite aocorcfing to daim 72, wherein said substrate is an outer panel of a building. 

76. A composite according to daim 72. wherein said substrate is an interior board of a building. 

77. A composite according to daim 72. wherein said substrate is a surface of a household. 

78. A conposite according to daim 77, wherein said household is a bath tubi 

79. A composite according to daim 77. wherein said hous^M is a wash basin. 

80. A composite according to daim 77, wherein said substrate is a surbce of a kitchenware. 

81 . A composite according to daim 80, wherein said kitchenware is a tableware. 

82. A composite according to daim 80, wherein said kitchenware is a sink. 

83. A composite according to daim 80, wherein said kitchenware is a cooking range. 

84. A composite according to daim 80. wherein said kitchenware is a kitchen hood. 

85. A composite according to daim 80, wherein said kitchenware is a ventilation fan. 

86. A composite according to claim 57, wherein said substrate is made of a material selected from the group consisting 
of m^l, ceramics, glass, plastics, wood, stone, cement concrete, a combination thereof, and a laminate thereof, 
and wherein, for prevention of growth of water droplets, said layer operates to cause adherent moisture condensate 
and/or water droplets to spread over the surface of said layer. 

87. A composite according to daim 86. wherein said substrate is a radiator fin for a heat exchanger and wherein said 
layer penniis adherent moisture condensate and/or water droplets to spread into water film to thereby increase the 
effteiency of the heat exchanger. 

88. A composite according to daim 57. wherein said substrate is made of a material selected from the group consisting 
of metal, ceramics, glass, plastics, wood, stone, cement concrete, a combination thereof, and a laminate thereof, 
arKi wherein, to promote drying of the substrate after wetted with water, said l^er operates to cause adherent 
water droplets to spread over the surface of said layer. 

89. A composite according to claim 88, wherein said substrate is a surface of an artide selected firom the group con- 
sisting of mirror, lens, sheet glass, and windshield. 

90. A composite according to daim 88, wherein said substrate is a surfece of a pavement 

91. A composite according to daim 57, wherein said photocatalytic material conprises an oxide selected from the 
group consisting of TiOg, ZnO, SnOg, SrTiOa, VUO3, Bi203 and FezOg. 
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92. A composite according to dalm 91 . wherein said photocatalytic material comprises the anatase form of titania. 

93. A composite according to daim 91 . wherein said photocatalytic material comprises «ie aitile form of titartia. 

94. A composite according to daim 91 , wherein said layer further comprises SiOa or St^z- 

95. A composite according to claim 57. wherein said layer comprises a coating wherein partides of said photocatalytic 
material are uniformly dispersed. 

96. A composite according to claim 95. wherein said coating is made of sincone and wherein the surface of said coating 
is formed of a derivative of silicone in which the organic groups tended to the silicon atoms of the silicone mole- 
cules have been substituted i^n photoexdtation at least in part with hydroxyl groups under the photocatalytic 
action of said photocatalytic material. 

97. A composite according to claim 57, wherein said substrate contains alkaline metal ions and/or alloline-earth metal 
ions and wherein a thin film for preventing said ions from diffusing from said substrate into said layer is interleaved 
between said substrate and said layer. 

98. A composite according to dalm 97, wherein said thin film comprises a thin fPm of silica. 

99. A composite according to daim 57. wherein the thickness of said layer is less than about 0.2 micrometers. 

100. A composite according to claim 57. wherein said layer further comprises a metal selected from the group consisting 
of.Ag, Cu and Zn. 

1 01 .A composite according to daim 57. wherein said layer further comprises a metal selected from the group consisting 
of Pt. Pd. Rh, Ru, Os and Ir. 

102. An antifogging method for preventing a mirror from being fogged or blurred with adherent moisture conderreate 
and/or water droplets, said method comprising the steps of: 

preparing a minor coated with a substantially transparent layer comprised of a photocatalytic semiconductor 
material; and, 

sulqecting said photocatalytic nraterial to photoexdtation to thereby render the surface of said layer hydrophilic 
whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 

103. An antifogging method for preventing a mirror from being fogged or Uunred with adherent moisture condensate 
and/or water droplets, said method comprising the steps of: 

(a) preparing a mirror coated with a substantially transparent layer of silicone in which partides of a photocat- 
alytic semiconductor material are unHbrmly dispersed; and. 

(b) subjecting said photocatalytic material of said layer to photoexdtation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part wHh 
hy*oxyl groups under the photocatalytic action of said photocatalytic material to thereby render the surface of 
said layer hydrophilic whereby adherent moisture condensate and/or water droplets are caused to spread over 
the surface of said layer. 

104. An antifogging method tor preventing a mirror from being fogged or blurred with adherent moisture condensate 
and/or water droplets, said method comprising the steps of: 

(a) preparing a mirror coated with a substantially transparent layer of silicone In which partides of a photocat- 
alytic semiconductor material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said layer to photoexdtation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; and, 

(c) sutJjecting said photocatalytic material to photoexdtation to thereby keep the surface of said layer 
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hydrophilic under the photocatalytic action of said photocatalytic material whereby adherent nwisture conden- 
sate and/or water droplets are caused to spread over the surtace of said Idyer. 

105. An antifogging method for preventing a min-or from being fogged or blurred with adherent moisture condensate 
and/pr water droplets, said method comprising the steps of: 

preparing a mirror; 

coating the surface of said mirror with a substantially transparent Icyer comprised of a photocatalytic semicon- 
ductor material; and, 

sutijecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic 
wheret>y adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 

106. An antifogging method according to claim 105, wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a f ilnv-forming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said film-forming element; and, 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules crt the surface of said layer are substituted at least in part with hydroxyl groups 
under the photocatalytic action of said photocatalytic material. 

107. An antifogging method for preventing a lens from being fogged or blurred wHh adherent moisture condensate , 
and/qr water droplets, said method comprising the steps of: 

preparing a lens coated with a substantially transparent fayer comprised of a photocatalytic senticonductor 
material; and, 

sut}jecting said photocatalytic material to photoexcitation to tiiereby render the surface of said layer hydrophilic 
whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 

108. An antifogging metiiod for preventing a lens from being fogged or blurred with adherent moisture condensate 
and/or water droplets, said method comprising the steps of: 

(a) preparing a lens coated witii a substantially transparent layer of silicone in which particles of a photocata- 
lytic semiconductor material are uniformly dispersed; and, 

0>) subjecting said photocatalytic material of said layer to photoe)a:ifation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part witti 
hydroxyl groups under the photocatalytic action of said photocatalytic material to thereby render the surface of 
said layer hydrophilic whereby adherent nwisture condensate andfor water droplets are caused to spread over 

tne surface of said layer. 

109. An antifogging method for preventing a lens from being fogged or blurred with adho'ent moisture condensate 
and/or water drc^ets, said method comprising the steps of: 

(a) preparing a lens coated with a substantially transparent layer of silicone in which particles of a photocata- 
lytic semiconductor material are uniformly dispersed; 

(b) subjecting said photocatalytic marterial of said layer to photoexcitation so that the organic groups tx>nded to 
tiie silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer rendered hydrophilic; and, 

(c) subjecting said photocatalytic material to photoexdfation to thereby keep the surface of said fayer 
hydrophilic under the photocatalytic action of said photocafalytic material whereby adherent moisture conden- 
sate and/or water droplets are caused to spread over the surface of said layer. 

110. An antifogging method for preventing a lens from being fogged or blurred witti adherent moishjre condensate 
and/or water droplets, said method comprising ttie steps of : 
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preparing a lens ; 

coating the surface of said lens with a substantially transparent layer comprised of a photocatalytic semicon- 
ductor material; and. 

subjecting said photocatalytic material to photoexcitation to thereby render the suriace of said layer hydrophilic 
whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 

1 11 .An antifbgging method according to daim 11 0. wherein said step of coating conprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a film-forming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said film-forming element; and, 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydrQxyl groips 
under the photocatalytic action of said photocatalytic material. 

112. An antifogging method for preventing a transparent sheet member from being fogged or bluffed with adhwent 
moisture condensate and/or water droplets, said method comprising the steps of: 

preparing a transparent sheet member coated with a substantially transparent layer comprised of a photocat- 
alytic semiconductor material; and. 

subjecting said photocatalytic material to photoexcrtation to thereby render the surface of said layer hydrophilic 
whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 

113. An antifogging method for preventing a transparent sheet member from being fogged or timed with adherent 
moisture condensate and/or water droplets, said method comprising the steps of: 

(a) preparing a transparent sheet member coated with a substantially transparent layer of silicone in which par- 
ticles of a photocatalytic semiconductor material are uniformly dispersed; and, 

(b) subjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydro)^ groups under the photocatalytic action of said photocatalytic material to thereby render the surface of 
said layer hydrophilic whereby adherent moisture condensate and/or water droplets are caused to spread over 
the surface of said layer. 

114. An antifogging method for preventing a transparent sheet member from being fogged or blurred with adherent 
moisture condensate and/w water droplete. said method comprising the steps of: 

(a) preparing a transparent sheet member coated wirith a substantially transparent layer of silicone in which par- 
ticles of a photocatalytic semiconductor material are uniformly dispersed: 

(b) subjecting said photocatalytic material ol said layer to photoexcitation so that ttie organic groups bonded to 
ttie silicon atoms of the silicone molecules at tiie surface of said layer are substituted at least in part witti 
hydroxyl groups under tiie phrtocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; and. 

(c) sul^ecting said photocatalytic material to photoexcitation to thereby keep tiie surface of said layer 
hydrophilic under the photocatalytic action of said photocatalytic material whereby adherent moisture conden- 
sate and/or water droplets are caused to spread over the surface of said layer. 

115. An antifogging method for preventing a transparent sheet member from being fogged or blurred with adherent 
moisture condensate and/or water droplets, said method comprising the steps of: 

preparing a transparent sheet member ; 

coating the surface of said transparent sheet member with a substantially transparent layer comprised of a 
photocatalytic semiconductor material; and, 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic 
whereby adherent moisture condensate and/or water droplets are caused to spread over the surface of said 
layer. 
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1 1 6^ antifbgging method according to claim 1 1 5, wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic s^niconductor 
material and a film-forming element of uncured or partially cured silicone or a precursor thereof: 

(b) curing said film-forming element: and, 

(c) subjecting said photocatalytic material to photoexdtation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said l^er are sutstituted at least in part with hydraxyl groips 
under the photocatalytic action of said photocatalytic material. 

117. A method for rendering a surfece of a substrate hydrophilic, comprising the steps of: 

preparing a substrate coated with a layer comprised of a photocatalytic semiconductor material; and. 
subjecting said photocatalytic material to photoexcitation until the surface of said layer presents a water-wetfaa- 
bility of less than about 1 0' in terms of the contact angle with water. 

118. A method for rendering a surbce of a sutjstrate hydrophilic comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed: 

(b) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxy! groups 
under the photocatalytic action of said photocatalytic material whereby the surfece of said layer is rendered 
hydrophilic. 

1 1 9. A method according to daim 11 8, wherein said photocatalyst is photoexcrted until the surface of said layer presents 
a water-wettability of less than about 10' in terms of the contact angle with water. 

120. A method for rendering a surface of a substrate hydrophilic. comprising the steps of: 

coating the surface of the substrate with a layer comprised of a photocatalytic semiconductor material: and, 
sut)jecting said photocatalytic material to photoexcitation until the suriace of said layer presents a water-wetta- 
bility of less than about 1 0° in terms of the contact angle with water. 

121 .A mettiod tor rendering a surfeice of a substrate hydrophilic, comprising the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a film-forming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said film-forming element; and, 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydraxyl groips 
under the photocatalytic action of said photocatalytic material. 

122. A method according to daim 121 , wherein said photocatalyst is photoexdted until the surface of said layer presents 
a water-wettability of less tlian about 10* in terms of the contact angle with water. 

123. A method for cleaning a sut)strate. comprising the steps of: 

preparing a substrate coated with a layer comprised of a photocatalytic semiconductor material: 
disposing said sutstrate outooors; 

sut)tecting said photocatalytic material to photoexcitation to thereby render the surfece of said layer hydrophilic; 
and. 

sutijecting said substiate to rainfall whereby deposits and/or contaminants adhering on the sur^e of said 
layer are washed away by raindrops. 

124. A method tor cleaning a substi'ate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic sennconductor 
material are uniformly dispersed; 
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(b) disposing said substrate outdoors; 

(c) subjecting said photocatalytic material of said layer to photoexdtation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; and, 

(fSi subjecting said substrate to rainfall whereby deposits and/or contaminants adhering on the surface of said 
layer are washed away by raindrops. 

125. A method for cleaning a substrate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) disposing said substrate ouMoors; 

(c) subjecting said photocatalytic matericd of said layer to photoexdtation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the F^otocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; 

(d) subjecting further said photocatalytic material to photoexcitation to thereby l«ep the surface of said layer 
hvvlrx>pNlic under the photocatalytic action of said photocatalytic material; and. 

(e) subjecting said substrate to rainfall whereby deposits and/or contaminants adhering on the surface of said 
layer are washed away by raindrops. 

1 26. A method for cleaning a substrate, comivising the st^ of: 

preparing a substrate; 

coating the surbce of said substrate with a layer comprised of a photocatalytic semiconductor material; 
disposing sad sutjstrate outdoors; 

subjecting said photocatalytic material to photoexdtation to thereby render the surbce of said layer hydrophilic; 
and, 

subjecting said substrate to rainfall whereby deposits and/or contaminants adhering on the surf»:e of said 
layer are washed away by raindrops. 

1 27. A method according to daim 1 26, wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a film-forming element of uncured or partially cured sHicone or a precursor thereof; 

(b) curing said film-forming element; and, 

(c) subjecting said photocatalytic material to photoexdtation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxyl groups 
under the photocatalytic action of said photocatalytic material. 

1 28. A method for deaning a substrate, comprising the steps of: 

preparing a substrate coated with a layer comprised of a photocatalytic semiconductor material; 

subjecting said photocatalytic material to photoexdtation to thereby render the surface of said layer hydrophilic; 

and, 

rinsing said substrate with water whereby organic deposits and/or contanrinants adhering on the surface of 
said layer are released therefroin and washed away by water. 

129. A method for deaning a substrate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) ^jbjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are sut)stituted at least in part with 
hydroxy! groups under the photocatalytic action of seud photocatalytic material whereby the surfeice of said 
layer is rendered hydrophilic: and, 

(c) rinsing said substrate with water whereby organic deposits and/or contaminants adhering on the surface of 
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said layer are released therefrom and washed away by rater. 
1 30^ method for cleaning a sutjstrate. comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rerxlered hydrophilic; 

(c) subjecting further said photocatalytic material to photoexcitation to thereby keep the surface of said layer 
hydrophiilc under the photocatalytic action of said photocatalytic material: and, 

(d) rinsing said substrate with water whereby organic deposits and/or contaminants adhering on the surface of 
said layer are released therefrom and washed away by water. 

1 31 .A method for cleaning a sutjstrate, comprising the steps of: 

preparing a substrate; 

coating the surfece of said substrate with a layer comprised of a photocatalytic semiconductor material; 
subjecting said photocatalytic materietl to photoexcitation to thereby render the surface of said layer hydrophilic; 
and, 

rinsing said substrate with water whereby organic deposits and/or contaminants adhering on the surface of 
seud layer are released therefrom arid washed away by water. 

132^ mettiod according to daim 131 , wherein said step of coating comprises tfte steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a film-forming element of uncured or peulially cired silicone or a precursor thereof; 

(b) curing said film-fwnting element: and, 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said l^er are sitetituted at least in part with hydroxy! groMps 
under the photocatalytic action of said photocatalytic material. 

133. A method for cleaning a substrate, comprising ttie steps of: 

preparing a subsb-ate coated with a Ic^er comprised of a photocatalytic semiconductor material; 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic; 

and, 

causing said substrate soaked in or wetted with water whereby organic deposits and/br contaminants adhering 
on the surface of said layer are released therefrom. 

134. A method for cleaning a sutjstrate, comprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic sennoonductor 
material are uniformly dispersed; ' 

(b) subjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic; and, 

(c) causing said substrate soaked in or wetted with water whereby organic d^xisits and/or contaminants 
adhering on ttie surfiace of S£dd layer are released therefrom. 

135. A method for cleaning a substrate, comprising ttie steps of: 

(a) preparing a substrate coated witti a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said layer to photoexcitation so that ttie organic groups bonded to 
ttie silicon atoms of the silicone molecules at ttie surfetce of said layer are substituted at least in part witti 
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hydraxyl groups under the photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophllic; 

(c) subjecting further said photocatalytic material to photoexcitation to thereby keep the surface of said layer 
hydrophilic under the photocatalytic action of said photocatalytic material: and. 

((^ causing said substrate soaked in or wetted with water whereby organic deposits and/or contaminants 
adhering on the surfeice of said layer are released therefrom. 

136. A method for cleaning a substrate, comprising the steps of: 

preparing a sutjstrate: 

coating the surface of said substrate with a layer conprised of a photocatalytic semiconductor material; 
subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrc^hilic: 
and. 

causing said substrate soaked in or wetted with water whereby organic deposits and/or contaminants adhering 
on the surface of said layer are released therefrom. 

1 37. A method according to daim 1 36. wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic semiconductor 
material and a film-forming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said f ilm-fbrm'ng element; and. 

(c) subjecting said photocatalytic material to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxyl groi^ 
under the photocatalytic action of said photocatalytic material. 

1 38. A metiiod for maintaining a surface of a substrate disposed outdoors dean, comprising the steps of: 

preparing a substrate coated with a layer comprised of a photocatalytic semiconductor material; 
disposing said sut>strate outdoors; and. 

subjecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic 
. whereby contaminants are prevented from adhering to tiie surfeice of said substrate as contaminant-laden ran- 
water flows thereaiong. 

139. A metiiod for maintaining a surface of a substrate disposed outdoors clean, comprising ttie steps of: 

(a) preparing a substrate coated with a layer of silicone In which particles of a photocatalytic semiconductor 
material are unifornnly dispersed; 

(b) disposing said substrate outdoors; and, 

(c) subjecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material to ttiereby render the surface of 
said layer hydrophilic whereby contaminants are prevented from adhering to tiie surface of said substrate as 
contaminant-laden rainwater flows thereaiong. 

140. A method for maintaining a surface of a substrate disposed outdoors dean, conprising the steps of: 

(a) preparing a substrate coated with a layer of silicone in which particles of a photocatalytic semiconduclor 
material are uniformly dispersed; 

(b) disposing said substrate outdoors; 

(c) subjecting said jrtiotocatalytic material of said layer to photoexcitation sottiat the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of s^ layer are substituted at least in part with 
hydroxyl groups under the photocatalytic action of said photocatalytic material to thereby render ttie surface of 
said layer hydrophilic; and. 

(d) subjecting furtiier said photocatalytic material to photoexdtation to thereby keep the surface of said layer 
h^rophilic under the photocatalytic action of said photocatalytic material whereby contaminants are prevented 
from adhering to the surface of said 6i*strate as contaminant-laden r^nwater flows ttierealong. 

141 .A method for maintaining a surface of a substrate disposed outdoors clean, comprising the steps of: 
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preparing a substrate; 

coating the surfece of sod sutstrate with a layer comprised of a photocatalytic semiconductor material; 
disposing said sul)strate outdoors; and. 

subjecting said photocatalytic material to photoexdtation to thereby render the surface of said l^er hydrophilic 
whereby contaminants are prevented from adhering to the surfeice of said substrate as contaminant-laden rain- 
water flows therealong. 

142. A method according to daim 141 , wherein said step of coating comprises the steps of: 

(a) applying onto said surface a coating composition comprising particles of photocatalytic seirticonductor 
material and a f am-ftvm'ng element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said film-forming element; and. 

(c) subjecting said photocatalytic materia) to photoexcitation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of Seud layer are substituted at least in part witti hydraxyl groups 
under the photocatalytic action of said photocatalytic material. 

143. A method for preventing growth of water droplets adheriiig on a siAstrate, comprising the steps of: 

preparing a substrate coated with a layer comprised of a photocatalytic semiconductor material; 

subj ecting said photocatalytic material to photoexcitation to thereby render the surface of said layer hydrophilic; 

and, 

causing adherent moisture condensate and/or water droplets to spread over tfie surface of said layer. 

144. A mettiod for preventing growth of water droplets adhering on a substrate, comprising the steps of: 

(a) preparing a substrate coated witfi a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed; 

(b) subjecting said photocatalytic material of said layer to photoexcitation so ttiat the organic groups tended to 
tiie silicon atoms of the silicone molecules at the suriace of said layer are substituted at least in part with 
hydraxyl groups under ttie photocatalytic action of said photocatalytic material whereby the surface of said 
layer is rendered hydrophilic: and, ,. 

(c) causing adherent moisture condensate and/or water droplets to spread over the surfece of' said layer. 

145. A method for presenting growtii of water droplets adhering on a sutstrate, comprising the steps of: 

(a) preparing a subsbBte coated with a layer of silicone in which particles of a photocatalytic semiconductor 
material are uniformly dispersed: 

(b) sut^ecting said photocatalytic material of said layer to photoexcitation so that the organic groups bonded to 
the silicon atoms of the silicone molecules at the surface of said layer are sitelituted at least in part wtth 
hydroxyl groups under the photocatalytic action of said photocatalytic material whereby the surfoce of said 
layer is rendered hydrophilic: 

(c) subjecting said photocatalytic material to photoexdtation to thereby keep the surface of said layer 
hydrophilic under ttie photocatalytic action of said photocatalytic material; and. 

(d) causing adherent moisture condensate and/or water droplets to spread over ttie surfiace of said l^er. 

146. A mettiod for preventing growtti of water droplets adhering on a substrate, comprising the steps of: 

preparing a substrate; 

coating tiie surface of said substrate witti a layer comprised of a photocatalytic semiconductor material; 
subjecting said photocatalytic material to photoewitation to thereby render the surface of said layer hydrophilic: 
and, 

causing adherent moisture condensate and/or water droplets to spread over the surface of said layer. 
147A mettiod according to daim 146, wherein said step of coating corrpises the steps of: 

(a) applying onto said surface a coating composition comprising partides of photocatalytic semiconductor 
material and a film-forming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said film-forming element: and. 
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(c) subjecting said photocatalytic material to photoexdtation so ttiat the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxyl groups 
under the photocatalytic action of said photocatalytic material. 

148. A method according to one of claims 102-147. wherein the step of subjecting said photocatalytic material to pho- 
toexcitation is carried out with the sunlight. 

149. A method according to one of claims 102-147. wherein the step of subjecting said photocatalytic material to pho- 
toexcitation is carried out with an electric lanp selected from the group consisting of fluorescent lamp, incandes- 
cent lamp, metal halide lamp, and mercury lamp. 

150. A method according to one of claims 102-116 and 123-147. wherein the step of subjecting said photocatalytic 
material to photoexdtation is carried out until the water wettability of said layer becomes less than about 10" in 
terms of the contact angle with water. 

151 A method according to daim 150, wherein the step of subjecting said photocatalytic material to photoexcitation is 
carried out until the water wettability of said layer becomes less than about 5' in terms of the contact angle wHh 
water. 

152. A method according to one of daims 1 17-122, wherein the step of subjecting said photocatalytic material to pho- 
toexdtation is carried out until the water wettability of said layer becomes less than about 5' in terms of the contact 
angle with water. 

153. A method according to claim 103, 104. 108. 109. 113, 1 14. 129. 130. 134. 135, 144 or 145. wherein said step (b) 
is carried out until the water wettability of said layer becomes less than about 1 0" in terms of the contact angle with 
water. 

154. A method according to claim 153. wherein said step (b) is canied out until the water wettability of said layer 
becomes less than about 5' in ternis of the contact angle with water. 

155. A method according to claim 104. 106. 109. 111. 114. 116. 124. 125. 127, 130. 132. 135. 137. 139, 140. 142, 145 
or 147. wherein said step (c) is carried out until the water wettability of said layer becomes less than about 10° in 
terms of the contact angle with vvater. 

156. A method according to daim 155, wherein said step (c) is carried out until the water wettability of said layer 
becomes less than about 5* in terms of the contact angle with water. 

157. A method according to one of claims 102-147, wherein said photocatalytic material comprises an oxide selected 
from the group consisting of TiOg. ZnO. SnOg, SrTiOa. WO3. BigOa and FegOa- 

158. A method according to claim 157. wherein said photocatalytic material comprises the anatase form of titania 

159. A method according to claim 157, wherein said layer further comprises Si02 or Sn02. 

160. A method according to one of claims 102-106, wherein the substrate of said mirror is made of glass containing 
alkaline network-modifier tons and wherein the surface of said substrate is coated with a thin film for preventing said 
ions from diffusing from said substrate into said layer. 

1 61 -A method according to claim 160. wherein said thin film comprises a thin film of silica. 

1 62. A method accoiding to one of claims 1 07-1 1 1 . wherein said lens is made of glass containing alkaline network-mod- 
ifier ions and wherein the surface of said lens is coated with a thin film Ibr preventing said ions from diffusing from 
the substrate into said layer. 

163. A method according to daim 162, wherein said thin film comprises a thin fBm of silica. 

164. A method according to one of daims 1 12-116. wherein said transparent sheet member is made of glass containing 
alkaline network-modifier ions and wherein the surface of said sheet member is coated with a thin film for prevent- 
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ing said ions from diffusing from tiie substrate Into said layer. 

165^ method according to daim 164. wfierein said thin film comprises a thin fBm of sOica. 

166^ method according to one of claims 1 17-1 47. wherein said sut)strate contains alkaline metal ions and/or alkaline- 
earth metal ions and wherein the surface of said substrate is coated wnth a thin film for preventing said ions from 
diffusing from the substrate into said layer. 

1 67. A method according to daim 1 66. wherein said thin film comprises a thin film of silica. 

168. A method according to one of claims 102-147. wherein the thickness of said layer is less than about 0.2 microme- 
ters. 

169. A method according to one of daims 102-147. wherein^ for destroying or inhibiting growth of bacteria and nwroor- 
ganisms adhering to the surface of said layer, said layer further comprises a metal seleded from the group consist- 
ing of Ag. Cu and Zn. 

170. A method according to one of claims 102-147, wherein, for enhandng the redox action of the photocatalytic mate- 
rial, said layer farther comprises a metal selected from the gnoup consisting of Pt Pd, Rh, Ru, Os and Ir. 

171 .A method of manufocturing an antifogging mirror, comprising the steps of: 
preparing a substrate with or without a reflective coating; 

coating the surface of said substrate with a sid)stan1ially transparent layer conprised of a photocatalytic sem- ' 
iconductor material; and, 

forming where necessary a reflective coating on the opposite surface of said substrate prior to or subsequent 
to or during the course of said step of coating. 

172. A itiettiod of manufacturing an antifogging lens, conprising the steps of: 

preparing a lens-forming body; and, 

coating the surface of said body with a substentially transparent photo-reactive layer comprised of a photocat- 
alytic semiconductor material. 

173. A method of manufacturing an antifbgging transparent sheet member, comprising the steps of: 

preparing a transparent substrate; and. 

coating the surface of said substrate with a substantially transparent photo-reactive layer comprised of a pho- 
tocatalytic semiconductor material and presenting upon photoexdtation a water wettability of less than about 
1 0* in terms of the contact angle with water. 

174. A method of manufacturing a self-deaning conposite, comprising the steps of: 

preparing a substrate; and, 

coating the suriace of said substrate with a photo-reactive layer comprised of a photocatalytic semiconductor 
material and presenting upon photoewitation a water wettability of less than about 10° in terms of the contact 
angle with water. 

175^ method of manufacturing a composite with a hydrophilic surface, comprising the steps of: 
preparing a substrate; and, 

coating the surface of said substrate with a photo-reactive layer comprised of a photocatalytic semiconductor 
material and presenting upon photoexdtation a water wettability of less than about 1 0° in terms of the contect 
angle with water. 

176.A method according to one of dalms 1 71-1 75, further comprising the step of subjecting said photocatalytic material 
to photoexcitetion until the vwater wettability of said layer becanes less than about 10" in terms of the contact angle 
with water. 
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177.A method according to claim 176. wherein ttie step of subjecting said photoeatalytic material to phctoexcitation is 
carried out until the water wettability of said layer becomes less than about 5« in terms of the contact angle with 
water. 

17aA method according to one of claims 171-175. wherein said photoeatalytic material comprises an oxide selected 
from the group consisting of Ti02. ZnO. SnOg. SrTiOa. WO3. BizOa and Fe203. 

1 79^ method according to claim 1 78. wherein said photoeatalytic material comprises the anatase form of tifania. 
180.A method accading to one of claims 171-175. wherein said step of coating comprises the steps of: 

(a) applying onto the surface a coating composition comprising particles of photoeatalytic semiconductor mate- 
rial and a film-forming element of uncured or partially cured silicone or a precursor thereof; 

(b) curing said fBrn-forming element; and. 

(c) subjecting said photoeatalytic material to photoexdtation so that the organic groups bonded to the silicon 
atoms of the silicone molecules at the surface of said layer are substituted at least in part with hydroxyl groups 
under the photocatalyfic action of said photoeatalytic material. 

181 A method according to daim 1 80, wherein said step (c) is earned out until the water wettability of the surface of said 
layer becomes less than about 1 0" in terms of the contact angle with water. 

182.A method aecoiding to daim 181 . wherein said step (c) is carried out until the water wettability of the surface of said 
layer becomes less than about 5' in terms of the contact angle with water. 

183^ method according to one of daims 171-175, wherein said step of coating comprises the steps of: 

(a) coating the surface with a thin film of amorphous tilania; and, 

(b) heating said thin film at a temperature less than the softening point of the substrate to transform amorphous 
titania into crystalline titania. 

184.A method according to daim 183. wherein prior to said step of coating the substrate is coated with a thin film of 
silica to prevent alkaline network-modifier ions from diffusing from the substrate into said layer. 

185 A method accoitling to daim 183. wherein said step (a) is carried out by applying onto the surface a solution of an 
organic compound of titanium, fdlowed by subjecting said compound to fydrdysis and dehydration polymerization 
to form said thin film of amorphous titania over the surface. 

186^ method aecoiding to daim 185. wherein sad organic compound of tifanium is selected from the groip consisting 
of alkoxide, chelate and acetate of titanium. 

187. A method according to daim 183. wrtierein said step (a) is carried out by applying ontothesurtace a solution of an 
inorganic compound of titanium, followed by subjecting said compound to hydrolysis and dehydration pdymenza- 
tion to fbrm said tiiln film of amorphous titania over the surface. 

188. A method according to daim 1 87. wherein said inorganic compound of titanium is 1104 or 71(804)2- 

189. A mettiod according to claim 1 83. wherein said step (a) Is earned out by sputtering. 

1 90. A method according to claim 1 78. wherein said layer further comprises Si02. 

1 91 .A method according to daim 190, wherein said step of coating comprises the steps of: 

(a) applying onto the surface a suspension comprising partides of crystalline titania and partides of silica; and. 

(b) heating said subsfrate at a temperature less than the softening point of the subst«te to thereby bond par- 
tides to said substrate and to sinter partides with each other. 

192.A mettiod according to daim 191. wherein prior to said step of coating the substrate is coated with a thin film of 
silica to prevent alkaline networit-modifier ions from diffusing from ttie substrate into said layer. 
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193^ method according to daim 190. wherein said step of coating comprises the steps of: 

(a) applying onto the surface a suspension comprising crystalline tHania particles dispersed in a precursor of 
amorphous silica; and. 

(b) subjecting said precursor to hydrolysis where necessary and to dehydration polymerization to thereby form 
on said surface a layer of titania particles bound by amorphous silica. 

194^ method according to claim 190. wherein said step of coating comprises the steps of: 

(a) applying onto the surface a suspension comprising particles of silica dispersed in a solution of an organic 
compound of titanium: 

(b) subjecting said compound to hydrolysis and dehydration polymerization to form a thin film of amorphous 
titania in which particles of silica are dispersed; and. 

(c) heating said film at a temperature less than the softening point of the substrate to thereby transform amor- 
phous titania into crystalline titania. 

195^ method according to daim 1 90. wherein said step of coating comprises the steps of: 

(a) applying onto the surface a solution conprising an organic compound of titanium and a precursor of amor- 
phous silica; 

(b) siA^ecting said compounds to hydrolysis and dehydration polymerization to thereby form a thin film com- 
prising amorphous titania and amorphous silica: and. 

(c) heating said film at a temperature less than the softening point of the substrate to thereby transform amor- 
phous titania into the analase form of titania. ' 

1 96. A method according to daim 1 94. wherein said organic compound of titanium is selected from the groif] consisting 
of altodde. chelate and acetate of titanium. 

1 97. A method according to daim 1 95. wherein said organic compound of titanium is selected from the groip consisting 
of alfcoxide. chelate and acetate of titanium. 

198. A method according to daim 193. wherein said precursor is tetraalkoxysilane. siland, polysiloxane having an aver- 
age molecular weight of less than 3000, or a ntixture thereof. 

199. A method according to claim 195. wherein said precursor is tetraalkoxysilane, sUand, polysilaxane having an aver- 
age molecular weight of less than 3000, or a mixture thereof. 

200. A method according to according to daim 1 78. wherein said layer further conprises SnOg. 
201 .A method according to daim 200. wherein said step of coating comprises the steps of: 

(a) applying onto the surface a suspension comprising particles of the anatase form of titania and part'des of 
tin oxide; and. 

(b) heating said substrate at a temperature of less ttian goO'C to thereby bond partides to said substrate and 
to sinter partides with each other. 

202. A method according to daim 191, wherein prior to said stqj of coating the substrate is coated with a thin film of 
silica to prevent alkaline network-modifier ions from diffusing from the substrate into said layer. 

203. A method according to daim 200, wherein said step of coating comprises the steps of: 

(a) applying onto the surface a suspension comprising partides of tin oxide dispersed in a solution of organic 
compound of titanium; 

(b) subjecting said compound to hydrolysis and dehydration polymerization to thereby form a thin film of amor- 
phous titania in which particles of tin oxide are dispersed; and, 

(c) heating said film at a temperature of less than 900'C to thereby transform amorphous titania into crystalline 
titania. 
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204. A method according to one of claims 171-175. wherein said step of coating is carried out such ttiat the thickness 
of said layer is less than about 0.2 micrometers. 

205. An antilbgging mirror adapted to prevent moisture condensate and/or water droplets adhering on the surface 
thereof from fogging or tjlurring the mirror, said mirror comprising: 

a sulsstrate with a reflective coating; and. 

a sutjstantially transparent coating of silicone which is Ijonded to the surface of said sub^ate and in which par- 
ticles of a photocatalytic material are unifisrmly dispersed; 

the organic groups bonded to the silicon atoms of the silicone molecules at the surface of said coating being 
substituted upon photoexcitation of said photocatalytic material at least in part with hydroxyl groups whereby 
the surface of said coating presents a highly hydrophilic property. 

206. An antifogging lens adapted to prevent moisture condensate and/or water droplets adhering on the surface thereof 
from Ibgging or Uuning the lens, said lens comprising: 

a transparent lens-forming body; and, 

a substantially transparent coating of silicone which is bonded to the surface of said body and in which parti- 
das of a photocatalytic material are uniformly dispersed; 

the organic groups bonded to the silicon atoms of the silicone molecules at the surface of said coating being 
substituted upon photoexcitation of said photocatalytic material at least in part with hydroxyl groups whereby 
the surface of said coating presents a highly hydrophilic property. 

207. An antifbgging sheet glass adapted to prevent moisture condensate and/or water droplets adhering on the surface 
thereof from fogging or blurring the sheet glass, said sheet glass comprising: 

a transparent sutistrate; and, 

a substantially transparent coating of silicone which is bonded to the surface of said substrate and in which par- 
ticles of a photocatalytic nmterlal are uniformly dispersed; 

the organic groups bonded to the silicon atoms of the silicone molecules at the surface of said coating being 
substituted upon photoexcitation of said photocatalytic material at least in part with hydroxyl groups whereby 
the surface of said coating presents a highly hydrophilic property. 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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FIG. 9 




0 10.20 30 40 50 



DURATION OF IRRADIATION (h) 



57 



EP 0 816 466 A1 



FIG. 10 
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FIG. IIA 
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FIG. IIB 
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FIG. 12 
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FIG. 14 




5 10 1520 25 30 
Si02 MOLAR RATIO (%) 



FIG. 15 




5 10 15 20 25 30 
Si02 MOLAR RATIO (%) 



62 



EP0 816 466A1 




63 



EP 0816 466 A1 



FIG. 17 

1 0, ■ 



2: 




1 2 0 



CONTACT ANGLE WITH WATER ( *) 



64 



EP0 816 466A1 



FIG. 18A 
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